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ABSTRACT OF REPORT. 



^^ * 

Introduction. — ^The Fort Hall Indian Beservation, which* was 
examined in 1913, includes about 800 square miles in Bingham^'f^n- 
nock, and Power counties, Idaho, and has been partly included; in 
the Idaho phosphate reserve. Its interesting history is briefly out*, 
lined. 

Geography. — ^The reservation contains two mountainous regions 
with broad valleys and an intervening area of plains bordering Snake 
River. The maximum difference in elevation is about 4,500 feet, and 
the broader valleys range from about 4,400 to 5,800 feet in elevation. 
The drainage is all tributary to Snake River. 

The topographic history covers at least parts of three physio- 
graphic cycles, which are described. The climate is semiarid, and 
the rainfall in the broader valleys, which is fairly well distributed 
throughout the year, is about 13 inches annually. Severe temperatures 
are exceptional. Favorable areas have somewhat more than three 
months of security from frost. The vegetation includes some valu- 
able timber. Besides agricultural, grazing, timber, and water re- 
sources, there are extensive deposits of high-grade phosphate rock 
ia the eastern part of the reservation and some fine placer gold 
along Snake River. 

Geology. — ^The stratified rocks of the • reservation include repre- 
sentative of all the great systems, beginning with the Cambrian. 
Certain Mesozoic formations are more fully subdivided in this report 
than in previous reports. 

Igneous rocks occur in some variety and great abundance. An 
occurrence of nepheline basalt is noted. There were at least four 
epochs of volcanic activity, extending from Pliocene into late Pleis- 
tocene. 

The complex geologic structure is due to both folding and fault- 
ing. The folds of the eastern part of the reservation are important 
because of their relation to the phosphate deposits, which occupy 
synclines. Both reverse and normal faults are present, but the chief 
interest is in the reverse faults. A noteworthy fault named the 
Putnam overthrust is described. Aside from the records of uncon- 
formities, at least three epochs of deformation are noted and re- 
ferred to the post-Cretaceous, the late Pliocene, and the end of the 
early Pleistocene. 
The geologic history is sketched. 
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8 FORT HALL* liJl^Al^ RESERVATION, IDAHO. 

Geology of indivif/upl' townships. — Some townships that are be- 
lieved to contain ^pb^^^hate are described in detail and are shown on 
a scale of 2 inches t<V 1 mile. Particular attention is given to geologic 
structure an^*j!a •phosphate deposits, including estimates of acreage 
and tonnagvi^ '. * 

Phosphate' deposits. — ^It is estimated that the Fort Hall Indian 

Eeseiiyatlon contains 738,626,700 long tons of phosphate rock that 

avjtokjfes 70 per cent tricalcium phosphate and that is considered 

.available under the standard of the Geological Survey. For the 

.% \wBstem field as a whole, partial estimates available May 1, 1917, 

. \'*V '&^^ approximately 5,464.082,000 long tons of high-grade phosphate 

rock. 

The present demand for the western rock is small because of dis- 
tance from markets and high cost of transportation. In 1915 the 
field supplied only 0.2 per cent of the production of the whole coun- 
try. The Fort Hall deposits are less accessible from existing rail- 
roads than the phosphate beds near Georgetown and Montpelier. 

The western phosphates are believed to be original sedimentary 
deposits formed through biochemical agencies. 

Other mineral deposits. — Coal and metalliferous prospects on the 
reservation have yielded no production, but placer mining in the 
Fort Hall bottoms has brought small returns. Some ore that aver- 
ages 22 per cent copper has been shipped from the Moonlight prop- 
erty, just south of the reservation. Extensive deposits of volcanic 
ash may prove a valuable resource. 

SoUs. — The soils are calcareous and differ to some extent in texture 
and composition. Qualitative tests show no water-soluble carbonates 
and slight traces, if any, of sulphates and chlorides. 

Water resources. — ^The reservation lies entirely within the drain- 
age basin of Snake River. The characteristics of the flow of that 
river and of its tributaries, Blackfoot River, Portneuf River, Ban- 
nock Creek, and Ross Fork, are fully described. 

In the more mountainous portion of the reservation the ground 
water has not been developed. Numerous wells have been dug on 
the terrace near the agency, which are described. Large springs 
occur on the plains near Snake River, which are attributed to the 
collection of surface waters on the plains west of the river. 

A system has been constructed for the irrigation of a large area 
near Fort Hall. Other areas are irrigated in the valley of Bannock 
Creek and along Blackfoot River. Sites for the development of 
water power exist along Blackfoot River, Ross Fork, and Bannock 
Creek. Lands along Snake River are included in an important 
reservoir site. 



GBOGBAPHY, GEOLOGY, AND MINEEAL BESOUBCES OF 
THE FOBT HALL INDIAN BESEBVATION, IDAHO. 



By George E. Mansfield. 



INTRODUCTION, 

The geologic examination of the Fort Hall Indian Beservation 
was undertaken by the United States Geological Survey at the re- 
quest of the Office of Indian Affairs. A narrow strip of land along 
the east border of the reservation had been included in the phosphate 
withdrawals, and the principal object of the examination was the 
determination of the extent and character of the phosphate lands 
included in the reservation. Other mineral deposits were also noted. 
The work was assigned to the writer with instructions to proceed 
with an examination and mineral classification of the Fort Hall 
Indian Reservation. G. E. Mansfield, with J. W. Merritt and 
J. W. Clark as assistants, spent the four months July to October, 
1913, in the prosecution of the work. In the middle of Sep- 
tember, after the withdrawal of J. W. Merritt, the party was 
joined by C* A. Bonine and Wallace Lee, who rendered valuable 
assistance. ^The chief of the section of nonmetalliferous deposits, 
H. S. Gale, spent the last week in July with the party. He partici- 
pated in the mapping and made valuable suggestions w^ith regard 
to plans and methods of work. G. H. Girty, paleontologist, was 
with the party for three weeks in August and September and made 
a faunal and stratigraphic study of the Carboniferous and Triassic 
formations. 

LOCATION OF THE AREA. 

The Fort HaU Indian Beservation lies approximately between 
meridians 112° and 112° 45' west longitude and between parallels 
42° 30' and 43° 15' north latitude. It includes an area of approxi- 
mately 800 square miles in 32 townships and partial townships in 
Bingham, Bannock, and Power counties, Idaho. The location of the 
reservation is shown in the index map (fig. 1). 

9 
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FioUBB 1. — Index map of Idaho Hhowing the location of the Fort Hall Indian Reaeiration 

(shaded area). 



LOCATION OF THE ABEA. 



The reservation lies on the northwest side of the Idaho phosphate 
nserve and includes a narrow strip of that district. The location 
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of the reservation with respect to the phosphate reserve and to the 
areas examined in detail in previous years is shown on the accom- 
panying map (fig. 2). 
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EARLY EXPLORATION AND HISTORY. 

As far back as the later part of the eighteenth century this region 
was frequented by fur traders and trappers. The basins of Green, 
Bear, and Snake rivers abounded in valuable fur-bearing animals, 
and in the broad valleys the fur companies held their annual meetings 
for trade. Here also occurred many notable Indian conflicts.^ An 
interesting picture of the country and of the activities of the trap- 
pers, traders, and Indians is given by Irving * in his account of the 
attempts of a party outfitted by John Jacob Astor to found a trading 
post at the mouth of Columbia Biver and also in his account of 
the adventures of Capt. Bonneville. The Astorians passed along 
Snake River on their way to the Columbia. Their party met with 
reverses at the hands of the Indians and endured many hardships. 

Capt. Bonneville spent parts of two seasons in 1833 and 1834 in 
the area that is now included in the Fort Hall Reservation. At that 
time the region near the head of Portneuf and Blackfoot rivers was 
an extensive buffalo range. Capt. Bonneville spent a winter on Snake 
River near the Portneuf, where he noted the presence of fine springs 
of water. Some of these springs, he says, '' gush out of the earth in 
sufficient quantity to turn a mill and furnish beautiful streams, clear 
as crystal and full of trout of large size." * The reference here, with 
little doubt, applies to Spring Creek and Clear Creek, with other 
lesser streams that rise on the plains of Snake River within the res- 
ervation. A chance associate of Capt. Bonneville was Nathaniel J. 
Wyeth, a trader of Boston, Mass., who in 1834 established a trading 
post on Portneuf River which he named Fort Hall. " Here for the 
first time the American flag was unfurled to the breeze that sweeps 
the great naked wastes of the central wilderness."^ 

The establishment and naming of Fort Hall is described by Wyeth 
in a letter, as follows : 

Since mine of June 21 from Hams Foi^ I have, as I tJien proposed, built a 
fort on Snake or Lewis River, in latitude 43' 14' N. and longitude 113** 30' W.. 
which I named Fort Hall, from the oldest gentleman in the concern. We 
manufactured a magnificent flag from some unbleached sheeting, a little red 
flannel, and a few blue patches, saluted it with damaged powder, and wetted 
It with villainous alc6hol; and after all it makes, I do assure you, a very 
respectable appearance amid the dry and desolate regions of central America. 
Its bastions stand a terror to the skulking Indian and a beacon of safety to 

1 Gannett, Henry, U. S. Geol. and Geog. Surrey Terr. Eleventh Ann. Rept., for 1877, p. 
708. 1870. 

* Irving, Washington, Astoria, 2 vols., Philadelphia, 1836; The adventures of Capt. 
Bonneville, U. S. A., In the Rocky Mountains and the Far West, Pawnee ed., vols. 1, 2, 
New York and London, 1898. H. H. Bancroft (Works, vol. 28, pp. 568-575, 1884) 
scathingly denounces Bonneville and his expedition and censures Irving for presenting 
the captain and his works in so favorable a light. 

■Irving, Washington, The adventures of Capt. Bonneville, U. B. A., in the Rocky 
Mountains and the Far West, Pawnee ed., vol. 1, pp. 324-325, 1808. 

f Idem, VOL 2, p. 820. See also Bancroft, H. H., Works, vol. 28, pp. 685-587, 1884. 
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the fugitive hunter. It Is manned by 12 men, and has constantly loaded in the 
bastions 100 guns and rifles. These bastions command both the inside and the 
oatside of the fort After building this fort I sent messengers to the neighbor- 
ing nations to Induce them to come to it to trade, and am now- about starting 
with an equipment of goods for the winter trade. 

In his journal, under date of August 6 of the same year, Wyeth 
writes:' 

Having done as much as was requisite for the safety of the fort and drank q 
bale of Uquor and named It Fort Hall In honor of the oldest partner of oui 
eoQcern, we left It and with it Mr. Evans in charge of 11 men and 14 horses 
and mules and 3 cows. 

The site of Wyeth's fort is marked by a monument on the north- 
west bank of Spring Creek near the bridge in sec. 18, T. 5 S., R 
33 E., as shown on the map (PI. III). 

Fremont,* in his exploring expedition of 1843-44, descended Ban- 
nock ("Pannock") Valley to the region of the lower Portneuf. 
Fort Hall had then become a British trading post under the Hudson 
Bay Co. Fremont noted the agricultural possibilities of the region 
and collected a sample of the soil, the analysis of which is given 
on page 118. 

Capt. Stanisbury ^ made a similar trip down the Bannock Valley 
in 1849. The region was also included in later surveys for the pur- 
pose of locating wagon roads in the late fifties and early sixties.^ 

The United States Geological and Geographical Survey of the Ter- 
ritories, in charge of F. V. Hayden, in the late sixties and seventies 
mapped a strip of country in eastern Idaho. The reservation was 
not included in the Hayden maps, but the eastern part of it was 
visited by several geologists attached to these surveys, and some 
account of the district is given in their reports, to which more ex- 
tended reference will presently be made. 

The reservation was established by act of Congress on July 8, 
1868, ratified February 16, 1869, and proclaimed February 24, 1869.» 
The reservation as then constituted included a considerably larger 
area than at present. Various modifications of its boundaries have 
since been made, reducing its area until its present limits were de- 
terminated by the act of June 6, 1902.^® 

^The correspondence and Journals of Capt. Nathaniel J. Wyeth, 1831-1836, edited by 
F. G. Yonng: Sources of Oregon history, vol. 1, pts. 3-6 Incl., pp. 146-147, 227, Oregon 
Unir. Contrtb. Dept. Economics and History, Eugene, Oreg., 1809. 

* Fremont, J. C, Narrative of the exploring expedition to the Boclcy Mountains in the 
year 1842 and to Oregon and north California in the years 1843-44, London, 1846. 

* Gannett, Henry, op. cit., p. 709. 

* Gannett, Henry, op. cit., p. 710. Bradley, F. H., U. S. Geol, Survey Terr. Ann. Rept. 
for 1872, 1873. (Cites Capt. Mullan, Wagon road Rept., 1863.) 

"Treaty between the United States of America and the Eastern Band of Shoshones 
and the Bannock Tribe of Indians : Stat. L., vol. 15, p. 673. 1860. 

"Stat. L., vol. 81, p. 672, 1901. Other acts relating to lands of the reservation may 
be foQDd in Stat. L., vol. 22, p. 148, 1888; vol. 25, pp. 452, 686, 1889; voL 26, p. 
1011, 1891, 
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Shortly after the establishment of the reservation, about 1870, the 
military post of Fort Hall was built in the valley of Lincoln Creek 
in sec. 18, T. 3 S., B. 36 E., about 30 miles northeast of the old 
trading post on the Portneuf . Fort Hall served as an important 
supply point for some of the survey parties under F. V. Hayden, 
who speaks in glowing terms of the kindness and hospitality of the 
officers in charge there. About 1878 the agency was transferred to 
its present site on Ross Fork Creek and the Oregon Short Line Rail- 
road. This railroad, under the name Utah & Northern, was com- 
pleted as far north as Blackf oot in the fall of that year. The former 
site has been given over to agriculture. 

From 1908 to 1911 various surveys have been conducted by the 
United States Reclamation Service and the United States Oeological 
Survey at the request of the Office of Indian Affairs for the purpose 
of investigating the irrigation and power possibilities of the streams 
of the reservation. An account of the results of this work is given 
in the chapter on water resources by W. B. Heroy. 

GEOGRAPHY. 

PHYSIOOBAPHIC DEVELOPMENT. 

SUBAERIAL EROSION. 

The Fort Hall Indian Reservation occupies part of an extensive 
mountainous region that is underlain chiefly by layers of rock of 
unequal hardness and so bent and broken by earth movements that 
the edges of many of the layers have long been exposed to the action 
of snow and ice, wind, weather, streams, and gravity — the processes 
summarized in the words subaerial erosion. 

The action of such erosion, though of varying intensity, is con- 
tinuous and may in time be expected to wear away the hardest rock 
and level off the roughest country if the conditions under which it 
takes place remain unchanged. Two types of changes, however, are 
likely to interrupt the leveling process, namely, renewal of earth 
movements and climatic variation. The fi.rst, by raising, lowering, 
tilting, or warping certain parts of the region, alters the grades of 
streams and perhaps induces other changes that may have far- 
reaching effects. The second, by varying the amount of precipitation 
or the temperature, may change the volume and grade of streams or 
otherwise affect erosive action. Thus it seldom happens that an 
extensive region is completely leveled by subaerial erosion. Usually 
the process is interrupted and renewed under different conditions, 
which impose their own effects upon the surface or topography of the 
country as developed during the preceding erosional period. 
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GEOGRAPHY. 15 

Such changes may have occurred several times in a given territory. 
They serve to divide the time during which erosion has acted into 
periods of greater or less length, which are conveniently termed 
cycles or partial cycles, in accordance with the degree of perfection 
in surface leveling attained before the interrupting changes occurred. 
Each cycle is distinguished by the topographic features developed in 
it. The records of earlier cycles are modified and may be nearly or 
quite obliterated during succeeding cycles. In the Fort Hall Indian 
Reservation three partial cycles have been identified. These are 
named, respectively, the Putnam, Gibson, and Spring Creek cycles. 
The changes by which they were brought about are briefly considered 
in the sections on structure and historical geology. 

PUTNAM CYCLE. 

The mountains of the reservation are in general characterized by 
smooth, rounded slopes and summits. The slopes descend in long, 
sweeping curves, which become more and more gentle toward broad 
Talleys or basins. The branch valleys in the higher parts of the 
mountains are also rather open, with fairly gentle side slopes. The 
broader valleys and basins as a rule have been developed where con- 
ditions were favorable, as along the strike of relatively weak rocks. 
The intervening harder rocks, which generally trend north or north- 
west, form strike ridges that furnish numerous side branches for the 
main valleys and are cut through here and there by deep transverse 
valleys. In T. 4 S., R. 37 E., the trends are prevailingly southwest 
to northeast. 

The sloping surfaces developed on the harder rocks are steeper 
than those on the weak rocks, and along the mountain sides the re- 
gion of change between the steeper and gentler slopes is fairly well 
marked and constitutes the upper boundary of the so-called benches, 
which are the gentler portions of the long slopes that descend to the 
vallejrs. 

The slopes of the mountains and the adjoining benches have been 
carved from rocks that are inclined at different angles. This fact 
and the relations between ridges, valleys, and rock structure and 
character mentioned above indicate that the cycle of subaerial 
erosion, which shaped the features, was of long duration. It had 
reached a stage which may be called ^^ late maturity ,'' because the 
rougher outlines of surface produced by the streams in earlier 
stages of erosion had been largely subdued and the valleys, which 
at first were narrow and steep-sided, had been greatly broadened at 
the bottom and made widely flaring at the top. 

The hard rocks, however, were not all worn smooth. Rough, 
rocky remnants of the former upland occur here and there on some 
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of the mountains and strike ridges, notably on North Putnam an 
South Putnam mountains, in the eastern part of the reservatioi 
which are respectively 8,837 and 8,989 feet above sea level and ar 
2,000 to 4,000 feet higher than the floors of the neighboring valley! 
These are the highest mountains in the reservation and are als 
the highest peaks of the northern part of the Portneuf Ra: 
Similarly, Bannock Peak, in the southwestern part of the reser 
tion, has an altitude of 8,321 feet, and the local difference of ele 
tion thereabouts is 1,000 to 2,000 feet. 

The erosion cycle which produced this late mature topograph; 
may be designated for future reference the Putnam cycle, fron 
Mount Putnam, in the vicinity of which it is well developed. Plati 
I, A^ illustrates this topography as seen from the southwest flantt 
of Mount Putnam. The canyons shown in this view were carve<^, 
in the succeeding cycle. (See also PI. I, C.) W^ 




GIBSON CYCLE. 



fci 



Moister climatic conditions accompanied by elevation or warp 
ing of the surface ushered in the Gibson cycle. The topographil 
features of the Putnam cycle have been modified by the cutting 
of steep-sided canyons, 500 to 1,500 feet deep, in the older valle;; 
floors in regions of harder rock. In most of these canyons the new 
valley floors have been somewhat widened, and there is room for a 
wagon road or trail. The benches have been cut away at theif 
lower borders in many places and now end in steep slopes, locally 
as much as 100 feet high. The surface of the bench lands is cut 
by branching canyons and gullies, the larger of which have well- 
developed flood plains, and is divided by them into somewhat ir- 
regular strips. The flood plains merge at their lower ends with a 
broad plain, 6 to 8 miles wide, that extends toward Snake Eiver. 
This plain lies at the base of the steep slopes at the lower ends of «^|^ 
the benches. It is really a terrace; for near Snake River it is cut^* 
away and the present flood plain of that river intervenes at a level i s. 
about 75 feet lower, near the mouth of the Portneuf. The broad r^./ 
upper plain is here called the Gibson terrace, from the little settle- \r* 
ment of (Jibson, which stands upon it. The cycle in which the Gib- iSii 
son terrace and the associated features described above were de- 
veloped may be called the Gibson cycle. 

In any physiographic cycle the erosive processes work backward Sc 
along the drainage lines so that the lower portions of valleys with 
their relatively broader streams may have extensive flood plains while 
the tiny headwater streams are still walled in narrow canyons and 
gorges. Thus the divides are the last features of a region to be re- 
duced by subaerial erosion. Although in the Gibson cycle erosion ^^ 
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had made Considerable progress at lower elevations, as above out- 
lined, it had not affected noticeably the higher parts of the mountains 
and the divides except at a few places. The Gibson cycle was there- 
fore much shorter than the Putnam cycle. It may be said to have 
reached an early mature stage of development. 

Plate I, A^ illustrates a portion of the more rugged topographic 
features of the Putnam cycle together with some of the canyons and 
dissected benches of the Gibson cycle. 

SPRINQf CREEK CYCLE. 

A third cycle has been well started in the vicinity of Snake Biver 
by the development of the broad flood plain known as the Fort Hall 
bottoms. This plain extends up the lower courses of Portneuf and 
Blackfoot rivers and of Bannock Creek. The inclination of the 
plain is slightly greater than that of the Gibson terrace, so that the 
difference in elevation between the two, which is greatest near the 
mouth of the Portneuf, diminishes and finally disappears up each 
of these streams. In the bench lands some of the streams have cut 
10 feet or more below the level of their former flood plains, but few 
if any topographic effects have been produced in the hard rocks of the 
hills. The present streams are apparently smaller than those which 
cut the canyons of the Gibson cycle. In fact, some of these canyons 
now have no drainage channels except in their middle or lower parts. 
A stream in the northeast part of T. 4 S., B. 36 E., affords an example 
of this condition. 

This cycle has been much shorter than either the Putnam or the 
Gibson cycles. It may be said to have reached only a youthful stage 
of development. For reference it may be called the Spring Creek 
cycle, from Spring Creek, a relatively large stream that rises and has 
its entire course in the Fort Hall bottoms. 

VOLCANIC FEATXTBES. 

Flows of lava which have solidified and the products of volcanism 
have pl&yed an important part in the physiographic development of 
the region. Hills capped by such lava are striking topographic fea- 
tures in the Bannock Valley region and in Tps. 3 and 4 S., B. 36 E., 
and elsewhere. Large dikes which have been eroded form prominent 
hills, as in the northeastern part of T. 8 S., B. 32 E., and the adjoin- 
ing part of T. 8 S., B. 33 E. Volcanic ejecta constitute a considerable 
part of the materials upon which the bench lands have been developed 
and lie upon the surface of the Gibson terrace and the low hills of 
solidified lava to the east. A youthful volcanic cone that is illustrated 
in Plate IV surmounts similar hills in the southwestern part of T. 3 
168146*— 20 2 
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S., K. 36 E. Erosion of hardened lava has formed the canyon of 
Blackfoot River, 300 feet or more deep, along the northeast border 
of the reservation and the flat-topped hills or mesas in the northern 
part of T. 9 S., R. 32 E. Caving of the hardened lava has produced 
depressions, as in sec. 34, T. 8 S., R. 33 E. 

DBAINAGE RELATIONS. 

The drainage of the reservation shows a considerable degree of 
conformity to rock structure. Numerous valleys and ridges follow 
the strike of the rocks, as shown in Plate II, -1. Some valleys have 
also been excavated along fault lines. The strike ridge in the vi- 
cinity of the southeastern part of T. 3 S., R. 37 E., is cut by a 
number of small northeastward-trending faults that have been fol- 
lowed by stream valleys. These faults have divided the ridge in 
such a way that when viewed from the southwest it resembles a 
row of nearly conical hills. The conformity of stream valleys to 
structure was more pronounced in the Putnam cycle than in either 
of the later cycles. In the Gibson cycle there Avere marked tenden- 
cies toward such conformity. It seems probable that the upper 
waters of Wood Creek in the vicinity of the southwest corner of 
T. 3 S., R. 38 E., formerly flow^ed northwestward into Lincoln 
Creek but were diverted by capture to a northeasterly course into 
the Blackfoot during that cycle. The stream that formerly occu- 
pied the lower valley of Wood Creek was enabled by a shorter 
course and steeper grade to work back rapidly enough to tap the 
other stream and thus effect the capture. 

The Fort Hall Indian Reservation includes an eastern and a 
southwestern mountainous region separated by the broad plains 
of the Gibson terrace and the Fort Hall bottoms. All streams in 
the reservation are tributary to the Snake-Columbia system, and 
the water ultimately finds its way to the Pacific Ocean. In each 
of the three broad divisions of the reservation, however, there are 
important streams that deserve mention. 

The eastern mountainous region, which is roughly about 20 miles 
square, has four principal streams — Blackfoot and Portneuf rivers, 
which flow directly to the Snake ; Lincoln Creek, a tributary of the 
Blackfoot ; and Ross Fork Creek, a tributary of the Portneuf. The 
Blackfoot receives directly the drainage of the northern and north- 
eastern borders of the district. Lincoln Creek drains much of the 
central and northern parts. The headwaters of the Portneuf occupy 
a broad basin in the eastern and southeastern regions. The Portneuf 
leaves the reservation in its southeast comer, and after a course of 
many miles to the south and west reenters it near the Gibson terrace, 
in the northeast comer of T. 6 S., R. 33 E. Ross Fork Creek has a 
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large basin in the southwestern part of the eastern mountains and 
drains much of their central and western districts. It joins the 
Portneuf in the vicinity of the Gibson terrace, near the center of 
T. 5 S.) S. 33 C 

The southwestern moimtainous region forms a nearly rectangular 
area 20 miles long from south to north and 10 miles wide. The broad 
valley of Bannock Creek, which has a similar trend, divides the 
mountainous upland into two unequal parts, of which the western is 
more extensive but less rugged, except in the southern part. Rattle- 
snake Creek from the east and Moonshine and Starlight creeks from 
the west are the principal tributaries of Bannock Creek within the 
reservation. Michaud Creek, which is tributary to the Portneuf 
basin but is absorbed by the loose soil in the plains, drains most of 
the northeastern part of the district. 

In the region of the Gibson terrace and the Fort Hall bottoms, 
Blackfoot and Snake rivers form, respectively, the northern and 
northwestern boundaries of the reservation. The Portneuf gathers 
most of the drainage except Bannock Creek, which flows west in 
T. 6 S., £s. 33 and 32 E., and joins the Snake a short distance west 
of the reservation* In the lower part of its course the Portneuf is 
greatly increased in volume by receiving the waters of Spring Creek 
and Koss Fork with its large tributary Clear Creek. Numerous 
springs, large and small, supply the waters of Spring and Clear 
creeks, streams 60 to 100 feet or more wide, that originate and have 
their entire courses on the Fort Hall bottoms. 

CLIMATE. 
By W. B. Heroy. 

The Fort Hall Indian Beservation lies on the eastern border of the 
Snake Biver plains but reaches eastward and southward into the 
mountain and valley region of southeastern Idaho. Though in gen- 
eral the climate of the region is semiarid, this diversity in topography 
is reflected in local climatic variations, the upland and mountain 
areas having a lower mean annual temperature and a greater rainfall 
than the plains. 

The only climatologic station on the reservation is at Fort Hall. 
It was established in 1914, and the record is too short to be of much 
value. The records obtained by the Weather Bureau at a number of 
stations near the reservation afford, however, an indication of the 
climatic influences which prevail in this region. The stations at 
American Falls (1890 to present), Idaho Falls (1880 to present), 
and Pocatello (1899 to present) have been maintained for 18 years 
or more, a period of sufficient length to reveal cyclic tendencies. Sta- 
tions at Blackfoot, Blackfoot dam, Chesterfield, Pebble, and Spring- 
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field were established more recently but serve to reveal local varia- 
tions in climate, resulting from topographic and other influences. 
The normal monthly and annual precipitation at certain of these 
stations is given in the following table : 

Average monthly and annual precipitation, in incheM, at staHona near the Fori 

Hall Indian Reservationy Idaho. 



BUtion. 



Amflrican Falls. 

Blackfoot 

Cbesterfleld 

Idaho Fans 

Poeatdlo 



Klova- 

tiOD. 



Feet. 
4,841 

5,454 

'M83 



Jan.! Feb 



1.66 
1.05 
1.50 
1.62 
.66 



1.22 
.76 
.97 

1.12 
.85 



Mar. Apr 



1.58 
.93 
1.36 
1.66 
1.75 



May. 




June. 



1.09 
1.08 
1.44 
1.54 
.99 



July. Aug. 



0.65 
.81 

.67 
.68 



0.50 
.65 

1.07 
.76 
.56 



Sept. , Oct. 




14.14 
11.82 
13.76 
14.86 
12.98 



In order to show the recent climatic history of the region the 
records above listed have been used as a basis for a diagram (fig. 3) 
which shows the variation in the annual rainfall for the years 1891 
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FiouRB 8. — Diagram showing variation in annual precipitation In. Ticlnlty of Fort Hall 

Indian Reservation during the years 1891 to 1915. 

to 1915, inclusive. The rainfall given for each year is the average 
for the stations listed. The American Falls, Idaho Falls, and Poca- 
tello records were used for the period 1891 to 1897. The Blackfoot 
record was substituted for the American Falls record for the period 
1908 to 1915, as the latter record is incomplete. The other stations 
were used to fill gaps in the longer records. 

The lowest average annual precipitation shown on the diagram is 
7.94 inches, which occurred in 1910, and the highest is 18.78 inches, 
which occurred in 1907. The smallest annual precipitation recorded 
in this region was observed at Aberdeen in 1910, and was only 0.35 
inch. The largest precipitation was 27.35 inches, which was ob- 
served at Pebble in 1911. 
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The mean annual rainfall for the entire period 1891 to 1916 is 
13,38 inches. The most severe dry period recorded is that which 
includes the six years 1898 to 1903, the average for those years hav- 
ing been only about 10.5 inches. The period of greatest precipita- 
tion occurred in 1906 to 1909, the mean for these four years being 
17.15 inches. The mean annual range of temperature in this region 
is from approximately —20° F. to +70° F. ; January is the coldest 
and July the hottest month. The extreme range of temperature, 
however, is much greater, being about 130°. Certain relations of 
temperature are brought out in the diagram (fig. 4), on which are 
indicated the curve of the maximum, minimum, and mean illonthly 




Figure 4. — Diagram showing relatioii between maximum, mean, and minimum monthly 
temperature at American Falls, Idaho Falls, and Pocatello. Idaho. 

temperatures at the three principal stations — American Falls, Idaho 
Falls, and Pocatello. 

As shown by a nine years' record the average date of the last kill- 
ing frost in the spring at Pocatello is April 20 and that of the first 
killing frost in the autmnn is October 12. The length of the growing 
season is thus about 175 days. At American Falls, as shown by a 
fifteen years' record, the corresponding dates are May 27 and Sep- 
tember 8, and the length of the growing season thus indicated is 103 
days. At Idaho Falls a four years' record indicates that the grow- 
ing season averages 112 days in length, from May 22 to September 
12. The much greater length of the growing season at Pocatello 
than at American Falls and Blackfoot may perhaps be due to tf 
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dire<^tion of the prevailing winds. At Idaho Falls the prevailing 
winds are from the northeast throughout the year and sweep down 
the Snake River valley. •In contrast the winds at Pocatello are pre- 
vailingly from the southeast and come down the Portneuf Valley. 
The season of security from killing frost in the more favorably 
located parts of the reservation is probably somewhat more than 
three months. Frosts, however, may occur during any of the sum- 
mer months along some of the valley bottoms, though they are not 
frequent in July and August. The bottom lands are therefore not 
adapted to any bu"^ the hardiest crops. On the sides of the valleys, 
on slightly higher ground, the cold air does not linger, and the 
ground is adapted for cultivation. 

VEGETATION AND ANIMAL UPE. 

Sage and other low brush occupy much of the lowlands, lower 
bench lands, and lt)w hills of igneous rock in relatively dense growth, 
although there are more or less extensive areas of open grass land, 
as in the northern and central parts of T. 5 S., R. 36 E., the northern 
part of T. 7 S., E. 32 E., and elsewhere. The upper benches and the 
windward slopes are also largely open and covered witii grass. 
Grassy meadows occupy most of the larger stream valleys. 

The lower rocky hills and ridges are largely forested with cedar, 
but in areas where the older dolomites come to the surface there is 
a considerable growth of mountain mahogany {Cercocarpua ledifo- 
lius)^ as in the southeastern part of T. 5 S., E. 36 E., and the north- 
eastern part of T. 6 S., E. 36 E. In fact, in these localities the ma- 
hogany was found to be a convenient guide to outcrops of the 
dolomite. 

Aspen thickets, some of them almost impenetrable, occupy the lee 
slopes of many of the larger ravines both in the bench lands and in 
the hills. They are also abundant on the lee slopes of hills. The 
drifting snow, which has to a large extent determined the location 
of these thickets, has weighted their branches and overloaded their 
tops so that many of the trees are stunted, gnarled, and twisted and 
their branches are closely interlaced. 

The higher and more rugged districts in the vicinity of the North 
and South Putnam mountains and of Bannock Peak support, in addi- 
tion to large groves of aspen, excellent timber, including Douglas fir, 
lodgepole pine, and balsam. These districts also have extensive 
thickets of brush and are littered with much fallen timber, though 
there are also open grassy places. 

Large game is scarce in the reservation. Two antelopes and the 
tracks of a bear were seen by members of the party. Probably, too, 
there are a few deer and elks, but none were seen. Coyotes are numer- 
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ous. Small game is relatively abundant. There are rabbits by the 
thousand, together with some badgers, porcupines, and other 
smaller animals. Game birds, including members of the grouse and 
duck families, are abundant, and there are many other kinds of 
birds. There are many insects of different kinds, but no attention 
was given to genera and species. The flying ants proved a veritable 
pest. Fish are present in most of the larger streams but not in 
great numbers. 

ADAPTATIONS OF LIFE TO ENVIBONMEKT. 

The grouping of the different types of vegetation has already 
been pointed out. This grouping is, without doubt, a response to 
environmental conditions in which the relative supply of moisture 
is probably the controlling factor, as is illustrated by the location 
of aspen thickets in the places where snowdrifts linger. In other 
places the type of soil may play an important part, as in the location 
of the mountain-mahogany groves and perhaps in the distribution 
of sage and the so-called oak brush in the lava hills in T. 4 S., K. 36 E. 
Where the dark volcanic sand is thick the sage gives way to the 
oak brush. This fact served as a guide in the study of the distri- 
bution of the volcanic sand. 

The effect of the wind on vegetation on exposed slopes is note- 
worthy at a number of localities, particularly on a ridge in the 
NE. i sec. 26; T. 9 S., E. 32 E., where stunted cedars, in vigorous 
growth, lay completely prostrate, pointing away from the prevail- 
ing wind, and some of them resembling couches of boughs. (See 

PL n, B.) 

In the northern part of T. 4 S., E. 34 E., dunes have been formed 
of volcanic sand mingled with the finer sand of the Gibson terrace. 
A number of these dunes have been utilized by the Indians as the 
sites of burial places. These burial sites are marked by many high 
poles and by implements and personal effects of the deceased Indians 

An interesting item of organic response to environmental condi- 
tions was noted in the southwestern part of T. 7 S., E. 32 E., where 
the surface was underlain by weathered rhyolite. Ants, in search 
of uniform material for their mounds, had selected the quartz crys- 
tals weathered from the rhyolite and were thus living in veritable 
crystal palaces, which gleamed and glittered in the sunlight. 

INDVSTBIES. 

Outside of the reservation, as in Bannock Valley and elsewhere, 
the broad valleys are farmed from hillside to hillside. The plains 
are also devoted to raising potatoes, grain, and sugar beets. Within 
the reservation agriculture is being attempted by many of the 
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Indians under the guidance of district fanners, appointed by the 
Government. The agricultural developments, though promising, are 
not extensive and apparently as yet only partially successful. Much 
of the available agricultural land had not been subjected to cultiva- 
tion at the time of the writer's examination. A considerable num- 
ber of cattle and horses are pastured on the reservation, but the 
available pasturage was then only partially used. 

NATUSAIi &ES0UBCES. 

The timber of the higher districts furnishes fuel and building ma- 
terial. This resource is being utilized to some extent by the Indians. 

The small game affords a supply of food in the open season, of 
which advantage is taken by the Indians. As others are prohibited 
from hunting on the reservation, this supply remains plentiful. 

In addition to the agricultural, grazing, timber, and game re- 
sources, there are valuable deposits of phosphate rock in the eastern 
part of the reservation. These and other mineral deposits will be 
discussed more fully in a later part of this report. 

Water is available for power and irrigation in parts of the reserva- 
tion. Surveys and investigations in connection with this resource 
have been made under the authority of the Office of Indian Affairs. 
These are discussed in a later chapter by Mr. Heroy. 

TBANSFOBTATION. 

The Oregon Short Line Railroad traverses the reservation north 
of the Bannock Valley district and west of the eastern mountainous 
district. Fort Hall has the only passenger and freight station 
within the reservation, but sidings are maintained at Michaud and at 
Gibson. Blackfoot and Pocatello are important railroad points just 
outside the reservation. 

Much of the higher country is relatively remote from the railroad, 
but there are numerous roads in all except the most rugged districts. 
Stage and mail connections from the south are maintained at Chester- 
field, about 3 miles southeast of the southeast corner of the reserva- 
tion, and at Arbon, about 8 miles southeast of T. 9 S., S. 32 E. 

POWER. 

Power transmission lines cross the reservation in two localities. 
One line extends across the southwestern part of the reservation 
parallel to the railroad and carries energy from the water-power 
plant of the Southern Idaho Water Power Co., at American Falls, 
eastward to Pocatello. From Pocatello a line extends north to 
Blackfoot, also parallel to the railroad. This line supplies the agency 

nldings with light and power for the water-supply system. 
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GEOLOGY. 

PBEVIOUS QEOLOQIG WOBK. 

The obseryations of Bonneville and Fremont have already been 
noted (p. 12). The reports of the Hay den Survey have hitherto been 
practically the only source of information regarding the geology of 
the area now included in the Fort Hall Indian Reservation, and these 
refer only to the eastern part of the reservation. 

In 1871 Hayden ** traversed parts of this region on his way from 
Ogden to Fort Hall, in Lincoln Creek, and again from Fort Hall to 
Evanston, Wyo. He gives a brief account of his itinerary on each 
trip. 

In 1872 F. H. Bradley,** in charge of one of the Hayden parties, 
traversed a portion of the eastern part of this reservation. In his 
report he gives an account of a stratigraphic section, the fossils from 
which as described by Meek have become well known through com- 
parison with the Spergen fauna of the central States. 

In 1877 A. C. Peale, in charge of one of the Hayden parties, 
crossed the southeastern part of the present reservation. In his 
report on the geology of the Green River district he discusses the 
drainage and geologic relations of the Portneuf Valley, Marsh Creek, 
and the Portneuf Range. He describes the structure of the Portneuf 
Range, of which Mount Putnam is the culminating point, as mono- 
clinal, with an anticlinal axis a short distance to the west and with a 
synclinal degression on the east that was formerly occupied by an arm 
of the lake that once filled the upper Portneuf Valley.^' He also 
refers to the age of the basalt and the character of the Pliocene de- 
posits of the region.^^ 

In the same year Orestes St. John, in charge of another Hayden 
party, traversed the eastern part of the reservation. He gives de- 
scriptions and geologic sections of the region north and northeast of 
Mount Putnam.** 

The work of the members of the Hayden parties has been found to 
be correct in its general outlines. As may readily have been expected 
the work of the present party has served to supply a greater number 
of stratigraphic details and to call attention to the structural com- 
plexity of the region, which before was less clearly recognized. 

**U. S. G«ol. Survey Terr. Ann. Kept, for 1871, pp. 13-26, 1872. 

» Bradley, F. H., [Report of the geoIoglBt of the Snake River division] : U. S. Oeol. 
Surrey Terr. Ann. Rept. for 1872, p. 206. 1873. 

» Peale, A. C, U. 8. Oeol. and Qeog. Survey Terr. Ann. Rept for 1877, pp. 563-669, 1879. 

^ Idem, pp. 640, 643. 

» St. John, Orestes, U. S. Oeol. and Qeog. Sarvey Terr. Ann. Rept. for 1877, pp. 825- 
838. 1879. 
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In addition to the men above noted, whose work concerned the 
immediate area of the reservation, a number of other writers may be 
cited who have touched upon problems more or less directly con- 
nected with the geology of the Fort Hall Reservation. 

J. S. Newberry *® gives an account of the Tertiary deposits of the 
general region of which the Fort Hall Indian Keservation is a part, 
in which he considers them as the products of great Tertiary lakes. 

G. P. Merrill ^' gives a description and analysis of a sample of vol- 
canic ash collected by Peale from the Pliocene deposits of the Port- 
neuf Canyon. (See p. 117.) Dall and Harris ^* note the capping of 
basalt upon beds of the Salt Lake formation east of Snake River and 
north of the Portneuf • which lies within the area of the reservation. 

Lindgren and lOiowlton^' discuss the Payette formation of the 
Boise district, which in many respects resembles the so-called Plio- 
cene beds farther east but is referred by them to the upper Miocene. 
Knowlton later referred the Payette formation to the Eocene.^® 

Russell ^^ discusses the Snake River lava and calls attention to the 
fact that it is for the most part younger than the Columbia River 
lava. In the Snake River district the latest eruptions probably 
occurred within historical times, perhaps not more than 100 to 150 
years ago. The Columbia River lava is deeply weathered to a soft 
claylike soil 60 feet or more deep, but the lava of the Snake River 
plains is still fresh. 

Bell ^' describes Tertiary lake deposits in the vicinity of Pocatello 
and the Portneuf Valley. He ascribes the deposits to a great lake 
which he calls Lake Idaho (this usage is probably independent of 
earlier usages). The deposits according to his statement have a ver- 
tical range of 4,000 feet. 

Kindle *' discusses the occurrence of Silurian and Devonian rocks 
in the region southeast of the Fort Hall Indian Reservation. These 
rocks also occur in the reservation, and much of his discussion is 
doubtless applicable to this region. 

10 Xewberry, J. S., The ancient lakes of western America : U. S. Qeol. Survey Terr. 
Fourth Ann. Rept, pp. 329-339, 1871. 

" Merrill, G. P., Notes on the composition of certain ** Pliocene sandBtones '* from 
Montana and Idaho : Am. Jour. Sci., 3d ser., vol. 32, pp. 109-204, 1886. 

^ Correlation papers ; Neocene : U. 8. Geol. Survey Bull. 84, pp. 286-287, 1892. Refers 
to U. S. Geol. and Geog. Survey Terr. Fifth Ann. Rept, for 1871, p. 25, 1872. 

*> Lindgren, Waldemar, The mining districts of the Idaho Basin and the Boise Ridge. 
Idaho ; with a report on the fossil plants of the Payette formation, by Frank 11. 
Knowlton : U. S. Geol. Survey Eighteenth Ann. Rept., pt. 8, pp. 625-736, 1898. 

»U. S. Geol. Survey Geol. Atlas, Silver City folio (No. 104), p. 3, 1904. 

*i Russell, I. C, Geology and water resources of the Snake River Plains of Idaho : 
IT. S. Geol. Survey Bull. 199, 1902. 

"Bell, R. N., The origin of the fine gold of the Snake River: Bug. and Mln. Jour., 
vol. 73, pp. 143-144, 1902. 

" Kindle, E. M., The fauna and stratigraphy of the Jefferson limestone in the northern 
Rocky Mountain region : Bull. Am. Paleontology, vol. 4. No. 20, 1908. 
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The mining district in the vicinity of Pocatello is described by 
Weeks and Heikes ** and by Bell.^* A brief statement regarding this 
district is given in the present report on page 116. 

J. P. Smith *• in several papers gives an account of the marine 
Lower Triassic faunas of western America and their relationship to 
Asiatic and European faunas. He points out the lines of faunal 
migration *^ and describes the withdrawal of the Triassic sea, which 
was followed by the encroachment of the red beds.-* 

Girty ^' describes the fauna of the phosphate beds of the Park City 
formation, which are now separated out as a part of the Phosphoria 
formation. 

Gale and Richards "^ and Richards and Mansfield "^ discuss the gen- 
eral geology and the phosphate deposits of neighl)oring regions. 

Mansfield and Larsen'* describe the occurrence and character of 
nepheline basalt in the Fort Hall Indian Reservation, and Mansfield *' 
subdivides and discusses some of the Mesozoic formations of the same 
region. 

STKATIGRAPHY. 
GENERAIi CHARACTTER AND AGE OF THE ROCKS. 

The rocks of the Fort Hall Indian Reservation include both sedi- 
mentary and igneous types. The sedimentary rocks present a rather 
full sequence from early Cambrian to Tertiary and Quaternary. 
Cretaceous rocks and some of the Tertiary formations are not pres- 
ent, but the other periods are all represented. Because of the sedi- 
mentary character of the phosphate deposits and their complex struc- 
tural relation it was necessary to study the general stratigraphic 

^ Weeks, F. B., and Heikes, V. C, Notes on the Fort Hall mining district, Idaho: 
IT. S. Geol. Survey Bull. 340. pp. 175-183, 1908. 

» Bell, R. N.. Idaho State Insp. Mines Eighth to Fourteenth Ann. Repts., 1906-1912. 

^ Smith, J. P.,' The border line between Paleozoic and Mesozoic in western America : 
Joar. Geology, vol. 9, pp. 512-521, 1901; On the distribution of Lower Triassic faunas: 
Idem, vol. 20, pp. 13-20, 1912 ; The middle Triassic marine invertebrate faunas of North 
America : U. S. Geol. Survey Prof. Paper 83, 1914. Hyatt, Alpheus, and Smith, J. P., The 
Triassic cephalopod genera of the United States : U. S. Geol. Survey Prof. Paper 40, 1905. 

*» Smith. J. P.. Jour. Geology, vol. 20, p. 19, 1912. 

» Smith, J. P., U. S. Geol. Survey Prof. Paper 88. p. 4, 1914. 

^'Glrty, G. H., The fauna of the phosphate beds of the Park City formation in 
Idaho. Wyoming, and Ftah : U. S. Geol. Survey Bull. 436, 1910. 

^G&Iq, n. S., and Richards, R. W., Preliminary report on the phosphate deposits in 
southeastern Idaho and adjacent parts of Wyoming and Utah : U. S. Geol. Survey Bull. 
430. pp. 457-535. 1910. 

^ Richards, R. W., and Mansfield, G. R., Preliminary report on a portion of the Idaho 
phosphate reserve : U. S. Geol. Survey Bull. 470, pp. 371-439, 1911 ; Geology of the 
phosphate deposits northeast of Georgetown, Idaho : U. 8. (Seol. Survey Bull. 577, 1914. 

^Mansfield, G. R.. &nd Larsen, E. S., Jr.. Nepheline basalt in the Fort Hall Indian 
Reservation : Wa.shlnston Acad. Scl. .Tour., vol. 5. pp. 463-468, 1915. 

** Mansfield, G. R.. Subdivisions of the Thaynes limestone and Nugget sandstone, 
MeMozolc. in the Fort Hall Indian Reservation, Idaho : Washington Acad. Sd. Jour., 
vol. 6. pp. 31-42, 1916. 
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section of the region. Attention was centered, however, upon the 
phosphatic shales and the strata that succeed them, for it is upon 
the character and attitude of these rocks that the classification of 
the land as phosphate or nonphosphate must depend. The Tertiary 
and Quaternary rocks cover large areas, and conceal many impor- 
tant stratigraphic and structural features. Indeed, the interpreta,- 
tion of the structure is in places rendered difficult or even impossible 
in the absence of borings by reason of this cover. Doubtless, too, 
it conceals valuable phosphate deposits, whose presence and quality 
can not be determined without drilling. 

The igneous rocks include lavas, dikes, and fragmental deposits 
that cover large areas and add to the difficulties involved in strati- 
graphic and structural studies. They are particularly abundant in 
the northern part of the Bannock Valley region and the western part 
of the eastern mountainous region. 

The general map (PL III) has been compiled from the individual 
township maps that were mostly worked on the field scale of 
1 : 31,680. These maps have been reduced and adjusted to the topo- 
graphic map that was prepared by C. G. Anderson on the field scale 
of 1 : 192,000 and enlarged to the scale of 1 : 125,000. 

A tabular summary of the general stratigraphy of the reservation 
is given below. A more detailed description of the rock units is 
given in succeeding pages, for it is upon the recognition of the char- 
acteristics set forth in these descriptions that interpretations regard- 
ing stratigraphy and structure must rest. 

Stratiffraphir section of the Fort Hall Indian Reservation. 



Oeolofdc af!P. 


Formation. 


Thickness (feet). 


General character. 


Quaternary. 




1 

Not measured. 


Alluvium* travertine, basalt, qnarti 
latite, rhyolite. 


Tertiary (Pliocene?). 


Bait LaVe formation, 
-rnconformity 

Twin Creek limestone. 
-TTnconform It v? 


Not measured. 


Conglomerates, marls, and dense, 
nearly lithographic limestones ana 
clays with interoedded volcanic ash 
and associated basalts, rhyolitaB, 
quartE latltes, andesites, and tulb 
Except the lavas, these beds weather 
to a prevailingly white soIL 


Jnraario. 


Estimated at 
not less than 
2,500. 


Yellow calcareous, fosslllferous sand- 
stone with some beds of massive 
gray limestone. 

Laminated shaly gray limestone. 

Basal yellow (»lcareous sandstones, 
massive, with Intercalated massive 
grey limestone that oontalng oyster 
shells. 


- 


Nugget sandstone. 
-Unconformitjr? 


Estimated at 
1,500±. 


Brick-red and light«olored sand- 
stones. 
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Stratii^raphic section of the Fort Hall Indian Reservation — Continued. 



Geologic age. 



(T). 



-UnoonformityC?)- 



Portneuf lime- 
stone. 



Pennsyl 



JCtelslp- 
pian. 



Fonnatton. 



Wood shale. 



Deadman limestone. 



Higbam grit. 
-Unoonformlty 

Timothy sandstone. 



Fort Hall for- 
mation. 



Ross Fork lime- 
stone. 



Woodside shale. 
-Unconformity — 



Phosphoria formation. 



-Unoonfonnity in places 



Wells formation. 



Bxaser limestone. 



Madison limestone. 



Thickness (feet). 



aoo-2so 



150:1: 



500± 



800 



1,500± 



800± 



i^asoi: 



900 



500 



2,400d: 



Not measnxed. 



Not measared. 



General character. 



Bri^t-red shale, weathering to red 



Gray to purplish dense limestone of 
almost lithographic quality in some 
places; contains some gray and 
greenish chert. 



Coarse pink to white gritty or con- 
glomeratic sandstone. 



Somewhat sugary yoUowish to gray- 
ish sandstone in oeds 1 to 3 inches 
thick, weathering with pinkish 
tinge. 



Siliceous, cherty gray to yellowish 
limestones in missiye beds: con- 
tains rounded elongated nodules and 
streaks of chert; fossilillBrous. 



Yellowish and enyiah limestones and 
sandstones. The limestones sili- 
ceous and cherty; the sandstones 
calcareous and fossiliforous. 



Dense gray nonfosslliferousthln-bedded 
limestone, olive-drab platy, calcare- 
ous shales, purplish gray thin-bed- 
ded and miasslve limestone that con- 
tains pelecypod and brachiopod 
faunas and ammonite zones near 
base. 



Olive-drab platv calcareous shales 
with interbeaded reddish-brown 
limestones, more numerous near the 
top and crowded with pelecypods. 



Rex chert member about 350 feet 
thick (dark flinty shales, in some 

£ laces massive chert; rarely grades 
ito llmestrue). 



Phosphate shales about 150 feet thick 
(shales, impure limestone, and 
phosphate rock; main bed aoout 6 
feet thick near base). 



Upper member, silioeous gray dense 
cherty limestone 50 feet or more 
thick: not well developed. 

Sandy beds not well exposed, thick- 
ness not known, perhaps 200-400 
feet. 

Massive cherty gray limestone, fossil- 

iferous; base not seen; thickness 

.estimated at not less than 2,000 feet. 



Massive gray and drab limestones, f oe- 
siliferous; top and base not seen; 
stratigraphy and thickness not 
determined. 



Bluish-gray limestone beds. 1 to 8 
inches thick, with intervening shaly 
bands 3 to 6 inches thick; fossilifer 
ons; top and base not seen. 



30 



FORT HALL INDIAN RESERVATION, IDAHO. 



Stratigraphic sectum of the Fort Hall Indian Reservation — Continued. 



Geologic age. 



Formation. 



J 



DevonJan. 



ThieeforkB (7) lime- 
stone. 
Jefferaon limestone. 



Silurian. 



I.«akctown dolomite. 



OrdoTidan. 



Ftah Havpn dolomite. 

-Unconformity- 
Swan Peak quartKite. 



Thickness (feet). 



Not measured. 



General character. 



Dark'firay maasiye limestones, more 
or less nroken; sparingly fossilifer- 
ous. Identified by fossil oolleotions 
and stratigraphic position. 



Not measured. 



Yellowish-brown to gray ddomitio 
limestone that contains imperfectly 

Sreseryed silicifled fossils. Identt- 
ed by a single fossil collection. 



Not measured. 



Estimated 
600. 



at 



Garden City liraet«tonp. 



Not measured. 



Cambrian. 



tapper and 

Middle 

Cambrian. 



Formations not differ- 
entiated. 



Not measured. 



Middle 
and 
Lower 
C a m - 
brian. 



Brlgham quartsite. 



Estimated not 
less than 
1,000. 



Oray to brown weathering dark dolo- 
imtic limestone commonly much 
shattered and veined, somewhat 
cherty; contains Richmond fossils. 



White dense vitreous quartxite; a 
coDspteuons cliff maker. Of Chasy 
(7) age. 



Gray limestone, very cherty; chert 
forms rou^ surfaces and weathers 
reddish brown; in some localities 
the rock is bluish gray, relatively 

Sure, and sparingly rosnuiferous; of 
;eekmantown age. 



Dark-gray limestone that contains 
yellow sandy or cherty streaks and 
shows annelid trails; some bods are 
oolitic and contain brachiopods, 
trilobites, and other fossils. Also 
massive gray well-crystallized beds 
that weather brown; shales and 
some sandstone are also present. 
Formations not differentiated from 
each other nor everywhere differ- 
entiated from overlying Ordovician. 



Reddish to purplish and pink dense 
sllioeous quartzites, including gritty 
and conglomeratic lacies. 



CAMBRIAN SYSTEM. 



The Cambrian system is well developed in the Fort Hall Indian 
^Reservation. Although it was not practicable to differentiate and 
map the individual formations, much similarity was noted between 
the sections there exposed and the sections at Blacksmith Fork, Utah, 
and west of Liberty, Idaho, in the Montpelier district, described by 
Walcott. The section at Liberty is given here for comparison.** 

^ Walcott, C. D., Cambrian section of the CordiUeran area : Smithsonian Misc. ColL, 
vol. 63, pp. 6-9, 190-200, 1908. 
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Section of Cambrian strata on Mill Creek, west of Liberty, Idaho. 



Series. 


Fornuttion. 


Thickness 
(feet). 


General character. 


Upper Cambrian. 


St. Charles foraiatlon. 


1,197 


Bhiish-gray to gray arenaoeoas limestones, 
with some cherty and concrr tlonarv layers, 
passing at the Ixise into thin-bedded gray 
to brown sand.stone. 


* 


Noanan formation. 


814 


TJght-gray to dark lead-«olored arenaceous 
limestones. 




Bloomlngton fOtmation. 


1.162 


Bluish-gray, more or less thin-bedded lime- 
stones and arglllaoeous shales; small 
rounded nodules of calcite are scattered 






irregularly through many of the layers of 
limestone. 




Blacksmith fonnation. 


23 


Oray arenaceous limestones in mass< ve layers. 


Middlo Cambrian. 


1' to formation. 


731 


Blue to bluish-gray thin-bedded fine-grained 
limestones and shales, with some oolitic 
concretionary and iniraformational con- 
glomeratic layer?*. 


« 


Spenoe shale [member 
of Ute limestone]. 


30 


Argillaceous shales 




Langston formation. 


30 


Massive bluish-gray limestone with many 
rounded concretions. 




Brigham formatian. 


1,000+ 


Massive quartsitic sandstones. 



The St. Charles limestone is probably represented by some of the 
cherty gray limestones west of the quartzite hills in T. 4 S., R. 36 E., 
and perhaps on the uorth side of Mount Putnam in T. 5 S., K. 37 E/ 
At the former locality a sandstone is associated with the limestones 
that Inay correspond with the Worm Creek quartzite member at the 
base of the St. Charles. 

The Bloomington formation may be represented by the limestone 
just west of the narrows of Ross Fork Canyon in sec. 11, T. 5 S., R. 
36 E. Here the limestone at the base corresponds lithologically 
to the Blacksmith limestone, which lies beneath the Bloomington, 
and limestone and shales follow below. 

The Blacksmith limestone appears to be represented at a number 
of places. 

Other limestones, some of them oolitic and containing intrafor- 
mational conglomerates together with shales, come in near the 
massive quartzites, which with little doubt represent the Brigham 
quartzite. * 

The Brigham quartzite forms much of the exposed rock in the 
high country about North Putnam and South Putnam mountains. 
It is prevailingly dense, vitreous, iron-stained, reddish or purplish, 
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and in many places gritty or conglomeratic. It has not been measured 
but is doubtless 1,000 feet or more thick. (See PL I, A^ C, p. 16.) 

The formations between the Brigham quartzite and the Swan Peak 
quartzite have been grouped in the mapping, the Garden City lime- 
stone and Upper Cambrian being mapped together and the remainder 
of the Cambrian being shown by a separate color pattern. The thick- 
ness of these rocks has not been determined but may be comparable to 
that given in the above section. 

ORDOVIGIAN SYSTEM. 
OABDSH OITT LXXESTOVS. 

The Garden City limestone has not been differentiated on the map 
from the Upper Cambrian rocks. A number of fossil collections 
from it have been identified by Edwin Kirk, from localities along 
the west front of the quartzite hills in I'ps. 4 S. and 5 S., R. 36 E. ; 
sees. 25 and 28, T. 8 S., R. 33 E. ; and doubtfully elsewhere. The 
following fossils have been identified by Edwin Kirk : 

Locality Mt. 8, N\V. 1 NW. J sec. 25, T. 8 S., R. 83 E. 

DalmaneUa cf. D. pogonlpensis (HaU and Whitfield). 

Maclurea cf. M. subannulata Walcott. 

Asaphellus sp. 

Crinold and cystid fragments. 
Locality Mt. 19, SE. i SE. 1 sec. 28, T. 8 S., R. 88 B. 

Maclurea sp. 

Crinold fragments. 
Locality M. 270, SE. i NW. 1 sec. 27, T. 4 S., R. 86 B. 

Asaphellus sp. > 

Probably same hoc^zon as Mt. 8. 
Locality' M. 272, NW. 1 SW. i sec. 28. T. 4 S., R. 86 B. 

Sponge? 

Crlnoid stems. 

The rock is dark-gray limestone which contains much chert tnat 
weathers with rough surface, the chert becoming reddish. The 
fauna indicates Beekmantown age. 

SWAV PEAK aUASTZITS. 

The Garden City limestone is overlain by a dense white vitreous 
quartzite, called the Swan Peak quartzite, by correlation with the 
section of the Randolph quadrangle, Utah, that has been described 
by Eichardson.'* The rock is quite imiform in character and is only 
rarely conglomeratic. In places the quartzite shows cross-bedding 
and tubular cavities or linear markings suggestive of worm borings. 
The quartzite was not measured but is estimated to be about 500 feet 

* Richardson, G. B., The PaleosQlc 8(H:t|o^ 1q ftQrtbem UtflLh : Am. ^oxit^ EkU^^ 4tli ser., 
vol. 36, pp. 406-^16, 1918. 
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thick. It is a conspicuous cliff maker and forms rugged topography. 
It constitutes the summit of North Putnam Mountain and of the 
quartzite hills north of Ross Fork Creek in Tps. 4 and 5 S., R. 36 E. 
(See PL I, C.) It also appears west of Bannock Peak in T. 9 S., R. 
32 E. ; in Rattlesnake Canyon, T. 8 S., R. 33 E. ; in sec. 20, T. 5 S., 
R. 38 E., and elsewhere. Its vitreous, brittle character has caused 
it to be much fractured by the deformation to which it has been 
subjected, and it is commonly slickensided and iron stained. The 
abundance of its large fragments in the Tertiary deposits suggests 
that extensive masses of it are now concealed by this later cover or 
that overthrust or infolded areas of it, more extensive than those 
now remaining, have been removed by erosion. The Swan Peak ' 
quartzite is of Lower Ordovician (Chazy ?) age. 

FXBH KAVEH BOLOXZTE. 

Above the Swan Peak quartzite is a series of dark-gray limestones 
correlated with the Fish Haven dolomite of the Randolph quadrangle, 
Utah, classified by Richardson." The rocks are somewhat cherty. 
They weather light gray or brown, with a purplish tinge, and are 
usually much fractured and seamed with calcite. The chert appears 
in small round and irregular white or bluish nodules. The top ,of 
the formation has not been recognized, and no measurements of 
thickness have been made. Several collections of fossils have been 
identified by Edwin Kirk, as follows : 

Ix)cality Mt 24, SW. i sec 1, T. 9 S., R. 33 B. 

Trochonema sp. 

Halysites gracilis HalL 

Streptelasma sp. 
Locality M. 30, NW. i NW. 1 sec. 86, T. 9 S., R. 33 B. 

Rbynchotrema perlamellosa (Whitfield). 

Dalmanella of. D. meekl (Miller). 

Plectorthls of. P. whltfleldl (WlncheU). 

Streptelasma rustleum (Billings). 
Locality M. 105. sec. 12, T. 5 S., R. 36 E. 

Streptelasma. 
Locality M. 162, sec. 20, T. 5 S., R. 38 B. 

Rafinesquina sp. 

Streptelasma sp. 
Locality M. 237, sec. 24, T. 4 S., R. 38 B. 

Halysites gracilis HalL 

Kirk states that the fossils are of Eichmond age. The Fish Haven 
dolomite forms rugged ridges, as along the east boundary of T. 4 S., 
R. 36 E., where it is intensely shattered. The Ordovician and Cam- 
brian rocks underlie the surface of the higher and rougher country 

** Richardson, G. B., op. clt. 
158145*— 20 3 
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in the vicinity of North and South Putnam mountains and in the 
southern part of the Bannock Valley region. 

SILURIAK SYSTEM. 
LAKETOWV DOLOMITE. 

The occurrence of Silurian rocks in the Fort Hall Indian Reserva- 
tion is known from a single collection of fossils. The fragments that 
were collected at locality Mt. 37, SW. J SW. i sec. 24, T. 9 S., R. 
33 E., were chiefly of one form, which was identified by Edwin Kirk 
as Conchidium sp., doubtfully Silurian. The rock is correlated with 
Laketown dolomite (Silurian) of the Randolph quadrangle, Utah, 
described by Richardson.*^ The extent and thickness of the beds have 
not been determined. The rock is a yellowish-brown limestone and 
contains abundant silicified fragments of fossils. The locality from 
which the collection was taken is a knoll just east of the big quartzite 
hill east of Bannock Valley. 

DEVONIAN SYSTEM. 
JEFFEB80H IJXEBTOVE. 

The presence of the Jeflferson limestone is known from a single 
collection of fossils, Mt. 31, NW. \ NW. \ sec. 23, T. 9 S., R. 33 E. 
From this locality Edwin Kirk has identified two forms — Stromato- 
pora sp. and Bryozoa ( ?). 

The rock is a dense fine-grained black limestone, interbedded with 
dark-gray banded, dark-gray mottled, and light-gray fine-grained 
limestone. The thickness and extent of the formation have not been 
determined. 

THEEEFOBKB (1) LIMESTONE. 

Fofisils of doubtful Threeforks age have been collected from two 
localities. Edwin Kirk has identified the following forms : 

LocaUty M. 138, NB. i SE. i sec. 29, T. 5 S., B. 38 E. 

Atrypa reticularis Llnn4. 

Spirifer cf. S. dlsjunctns Sowerby. 
Locality M. 297, sec. 12, T. 4 S., R. 36 B. 

Camarotoechia sp. 

Spirifer sp. 

Bucanopsis sp. 

The rocks are massive bluish-gray limestones. Their extent and 
thickness have not been determined. In the range east of Bannock 
Valley in T. 9 S., R. 33 E., it has not been practicable to differentiate 
Devonian and Silurian rocks from the lower Carboniferous above 
nor from the Ordovician limestone below. In this locality the pre- 
phosphate rocks are grouped and mapped as undifferentiated 
Paleozoic. 

"^ Bicbardson, G. B.. op. clt. 
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GABBONIFEROUS SYSTEM. 

MZ88IBBZPPXAH BEBISB. 

HADI80N LIMESTONE. 

The Madison limestone, of lower Mississippian age, as represented 
in the Fort Hall Indian IJeservation, is a relatively thin-bedded dark 
bluish gray limestone, that forms beds 1 to 8 inches thick, and con- 
tains intervening shaly beds 3 to 6 inches thick in some places. Some 
exposures show a rock of lighter color and in more massive beds. • 
The formation occurs in a nimiber of widely separated localities, in- 
cluding the rocky hUl in the NW. i sec 18, T. 4 S., R. 37 E. ; several 
places in the ridge in the west part of T. 5 S., R. 38 E. ; east of 
Bannock Valley along the line between Tps. 8 and 9 S., R. 33 E. ; and 
in the vicinity of Bannock Peak, in T. 9 S., R. 32 E. The top and 
base of the formation have not been recognized nor the extent and 
thickness determined. The rocks, however, appear to occupy rela- 
tively small areas in some of the more rugged parts of the reserva- 
tion, where they have been exposed by the erosion of faulted or 
folded strata. Fossils are rather numerous and include small cup 
corals, gastropods, spiriferoid and other brachiopods, trilobite frag- 
ments, and crinoids, which have been identified by G. H. Girty as 
characteristic of the Madison limestone. The formation as exposed 
on the reservation shows no unusual f acies but appears to be similar 
to rocks of the same age in other parts of the Idaho field as described 
in previous reports.** According to G. H. Girty, the Maotson fauna 
is of lower Mississippian age and corresponds to that of the basal 
portion of the "Wasatch limestone" of the Wasatch Mountains of 
Utah, as described by the early writers. 

BRAZES LIMESTONE. 

• 

The upper Mississippian rocks of the Fort Hall Indian Reserva- 
tion are referred to the Brazer limestone by correlation with the 
section of the Randolph quadrangle, Utah, described by Richardson.^® 
The relations of the Brazer limestone to the Madison limestone have 
not been worked out, for the contact region has not been studied. 
In parts of the southeastern Idaho field previously studied the two 
formations are apparently conformable. Like the Madison, the 
Brazer is associated with rugged hills in widely separated parts of 

"Gale, H. 8., and Richards, R. W., PreUmlnary report on the phosphate deposits In 
soatheaatern' Idaho and adjacent parts of Wyoming and Utah: U. S. Geol. Survey Bull. 
430, pp. 473-474, 1910. 

Bicharda, R. W., and Mansfield, G. K., Preliminary report on a portion of the Idaho 
phosphate reserve: U. S. Geol. Survey Bull. 470, pp. 383-384, 1911 ; Geology of the 
phosphate depoaits northeast of Georgetown, Maho : U. S. Geol. Survey Bull. 577. 1914. 

* Richardson, G. B., op. clt 
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the area. The Brazer is associated with the Madison at a number 
of the localities above mentioned. Its most extensive occurrence is 
in the ridge along the boundary between T. 9 S., R. 32 E., and 
T. 9 S., R- 33 E. The rocks are massive dark-gray to light-gray 
limestones, somewhat cherty but on the whole rather pure. The 
chert occurs in both streaks and nodules, and there are streaks or 
veinlets of calcite or aragonite. In somfe places the rock is finely 
crystalline and contains many crinoid stems. The extent and thick- 
ness of the formation have not been determined, but the thickness 
in the Bannock Valley district is probably not less than 800 to 1,000 
feet. Some horizons are abundantlv fossiliferous. The fauna in- 
eludes Productus giganteus^ Syringopora^ Schizophoria^ Moore- 
feldella^ Bryozoa, and large cup corals with many fine septa, together 
with other forms. The formation presents no unusual facies,but agrees 
very well with descriptions given in the reports that have been cited. 
In these accounts the similarity has been pointed out between the 
upper Mississippian fauna and the Spergen fauna identified by 
Meek from the divide between Ross Fork and Lincoln Valley. An 
attempt was made by (J. H. Girty and members of the party to 
rediscover the locality in which the fauna identified by Meek oc- 
curred. It was found, however, that the descriptions of the locality 
were inadequate and that the locality probably lay outside of the 
Ross Fork drainage basin and outside the limits of the reservation. 

PENH8TLVAK1AH 8EBIE8. 
' WELLS FOBMATION. 

The Brazer limestone is succeeded by about 2,400 feet of more or 
less siliceous and cherty limestone that contains sandy or quartzitic 
beds. This limestone is correlated with the Wells formation of the 
Montpelier quadrangle, Idaho, that has been described by Richards 
and Mansfield.*® The base of the formation has not been seen, but 
in sec. 6, T. 4 S., R. 37 E., where the lower Wells adjoins the Brazer 
limestone, there has been considerable disturbance of the strata, prob- 
ably involving faulting. Blackwelder ** has reported an unconformity 
between the Pennsylvanian and Mississippian in Utah, but no such 
relationship has yet been recognized in the southeastern Idaho field. 

In the type locality the Wells consists of three fairly well defined 
parts — limestone below and at the top and sandstones and quartzites 
in the middle. The formation as a whole is highly siliceous. The 

lower limestones are cherty and contain numerous sandy beds. The * 

\ 

«« Richards, R. W., and Mansfield. G. R., The Bannock overthnist, a major fault in 
southeastern Idaho and northeastern Utah : Jour. Geology, vol. 20, pp. 681-709, 1912 ; 
Geology of the phosphate deposits northeast of Georgetown, Idaho : U. S. Geol. Survey 
■*-" 677, 1914. 

•ckwelder, Eliot, New light on the geology of the Wasatch Mountains, Utah: 
c. America Bull., vol. 21, p. 530, 1910. 
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middle sandstone member weathers down largely to smooth slopes, 
on which lie rounded sandstone debris. The upper limestone is 
dense and siliceous, and bluish chert bands become more numerous and 
conspicuous toward the top. There is, too, a considerable fauna in 
the limestones. At the top the Wells is in some places unconformable 
beneath the overlying Phosphoria formation. 

In the Fort Hall Indian Reservation the Wells maintains the above 
general characteristics but with some modifications. The lower 
limestone has increased to a thickness of about 2,000 feet and contains 
massive cherty limestones and some alternating beds of sandstone 
or quartzite. The middle sandstones, if present, are probably re- 
duced in thickness and largely concealed beneath weathered slopes 
and later deposits. The thickness of the beds that occupy this in- 
terval is estimated at 200 to 400 feet. 'Ae upper limestone is promi- 
nent in some places, as in sees. 10 and 11, T. 4 S., R. 37 E., and sec. 
36, T. 5 S., R. 38 E., where it is 50 feet or more thick, but elsewhere 
it is rather poorly developed. In some places there has been dis- 
location in the beds at that horizon, as in sec. 17, T. 5 S., R. 38 E., 
but in others the lack of development may be due to unconformity 
as probably in sec. 21, T. 4 S., R. 37 E. 

The lower part of the formation is composed of dark bluish-gray 
limestone with chert in nodules and irregular streaks. Above this 
cherty limestone come yellowish and grayish sandy limestones, ^ome 
of them in thin layers so arranged as to make massive ledges. Near 
the top of this limestone series the rocks are again gray and cherty. 

The upper limestone series is very light in color and sandy. The 
chert near the top occurs in dark bands, in some places 4 to 6 inches 
thick, that are black rather than bluish and resemble some facies of 
the Rex chert. The rock is hard but not so fine textured and dense 
as in the region of the type locality. Also the absence of little silici- 
fied and crescentic fragments of brachiopods like those that project 
from weathered surfaces in the type locality is noteworthy here. 

A red-bed layer is included in the Wells formation in sec. 15, T. 
5 S., R. 35 E. Its stratigraphic position is probably in the sandy 
upper middle portion of the formation, but this could not be de- 
termined with certainty. It is apparently underlain by dark-gray f os- 
sihferous limestones, which are assigned by G. H. Girty to the Wells. 
Fossils occur at different horizons throughout the limestones but 
are more abundant in the lower part. The occurrence of Fumlina 
near the middle of the lower limestone series is noteworthy. Large 
cup corals, abundant Bryozoa, colonies of Springopora^ Spirifer 
rockymontarmsj and other forms were observed. One of the colonies 
of Syringopora measured 3 by 2 feet. 

The Wells formation, like the Brazer and Madison limestones, oc- 
curs in widely separated districts in the eastern mountainous region 
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and in the Bannock Valley region. The most extensive area lies in 
the northwest part of T. 4 S., R. 37 E., where the formation com- 
prises the core of a large anticline that is somewhat complicated by 
faulting and minor folding. This area was studied by G. BL Girty 
and J. W. Merritt, but they found that a detailed stratigraphic sec- 
tion was not feasible. 



PH08PHOBIA FOBMATION. 

Occurrence. — The Phosphoria formation, which represents the 
upper two members of the Park City formation as mapped in south- 
eastern Idaho, southwestern Wyoming, and northeastern Utah in the 
reports for 1909 and 1910, has been described in previous papers.** 
It accompanies the Wells formation in the eastern mountainous dis- 
trict of the reservation but has not been recognized in the Bannock 
VaUey region. The Phosphoria formation is exposed only in parts 
of four townships— T. 4 S., R. 37 E. ; T. 4 S., R. 38 E. ; T. 5 S., R. 37 
E. ; and T. 6 S., R. 38 E. — although float pieces of phosphate rock are 
found in parts of neighboring townships. The detailed distribution 
of the formation is shown on the large-scale maps that accompany 
the descriptions of those townships (pp. 83-91, 95-103). 

Fhosphate shales. — The phosphate shales, which constitute the 
lower member of the formation, are slightly exposed in the NE. J 
NE. J sec. 11, T. 4 S., R. 37 E., along the west side of a ravine. Also 
on low rocky points in the NE. i SE. J sec. 36, T. 6 S., R. 38 E., the 
SE. i SE. i sec. 21, T. 4 S., R. 37 E., and in the NE. i NE. i sec. 13, 
T. 5 S., R. 37 E., the phosphate float is so abundant as to amount 
practically to a slight exposure of the shales. It has not been prac- 
ticable to make a complete section across the phosphate shales, but 
numerous paced measurements have been made across the belt occu- 
pied by float, the distance measured being that between the highest 
phosphate float and the highest float of the Wells formation. These 
measurements show some variations, but allowing for the angle of 
dip the shales appear to be about 150 feet thick. The thickness is 
thus comparable to that of the shales examined in the Montpelier 
and Georgetown districts farther southeast. 

The fauna of the phosphate shales is somewhat extensive, although 
fossils are relatively rare in the beds of phosphate rock. G. H. 
Girty notes that the fauna presents an unusual and distinctive f acies. 
He has selected from the forms described in his bulletin ** the fol- 
lowing list as characteristic : 

"RlchardB, R. W., and Mansfield, G. R., The Bannock overthrust, a major fault In 
soDtheastem Idaho and northeastern Utah: Jour. Geology, vol. 20, pp. 681-709, 1912; 
Geology of the phosphate deposits northeast of Georgetown, Idaho : U. S. Geol. Survey 
Bull. 577, 1914. 

<• Girty, G. H., The fauna of the phosphate beds of the Park City formation in Idaho, 
•^•'omlng, and Utah : U. S. Geol. Survey Bull. 486. 1910. 
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Lingnla carbonarla? 
Ungalidiscina missoniiensls. 
Chonetes ostiolatus. 
Productus geniculatus. 
Productns encharls. 
Productus montpellerensis. 
Productus phosphaticus. 
Pugnax weeksl. 



Pugnax osagensis var. occldentalis. 
Ambocoelia arcuata. 
Leda obesa. 
Plagloglypta canna. 
Omphalotrochus ferried. 
Omphalotroclius conoideus. 
Hollina emaclata var. occldentalis. 



In the NE. i NE. i sec. 21, T. 4 S., E. 87 E., there is a bed of phos- 
phate rock at the base of the shales, about 8 inches thick, which is 
composed largely of the fragments of shells. This bed was origi- 
nally composed largely of carbonate of lime but is now apparently 
phosphatized, for an analysis of the rock shows the presence of 33.9 
per cent of phosphorus pentoxide, equivalent to 74 per cent of tri- 
calcium phosphate. This rock contains in addition large nimibers of 
linguloid and discinoid shells and some pieces of bone. A fish spine 
was also found in the middle of the main phosphate bed in sec. 36, 
T. 5 S., B. 38 E. 

Three partial sections of the phosphate shales were measured in 
trenches and test pits excavated by the Survey party. No other 
openings had been made in these deposits in the reservation. The 
sections in these openings and the percentage of phosphorus pent- 
oxide contained in the samples that were taken are given in the 
following tables: 

Partial section of phosphate shales in NE. J NE, i sec, IS, T. 6 S., R 37 E., 

about 20 feet from section comer. 



Character of beds. 



Shale, brown to U^ht, sandy, broken, top not exi>08ed. 

itd, ' 



Phosohaterock, buck, fine grained, hard,cherty (7) 

BrolDen zone, sliale and phosphate rock, brown to black 

Phosphate rock, dark brown, finely oolitic, somewhat shaly, much 
broken, withinterbedded shale 

Shale, phosphatic. black to brown, with a few narrow blinds of phos- 
phate, much broken 



Brokencooe, mineled phosphate rock and shale, brown lo yellowish 

Phosphate reck, fine tocoarse oolitic texture, beds up to 3 inches thick, 
dark gray to black, weathering yellowish, and in broken blocks coated 
white, including— 

IneKes. 

Samples 22 

Sample4 22 

Samples 22 

Phosphate rock, medium ooUtic, browmsh gray, with a few yellow sandy 
streaks; beds have a maximum thickness oi 1| inches, grading into 



thinshaly phosphate (sample 2) 
Shale, yellowish brown, finely banded, iron stained, much bndcen and 



conUtnd^ scattered phosphate nodu^sand streaks. 
Chert, with phosphatlc nodules and fragments of dlscinoids, much 
broiken 



Shale, yellowish brown, sandy, with irregular phosphate streaks 

Phospnate rock, medium to fine, oolitic; contains yellow sandy streaks 

(sample 1) 

Sandy oeds, yellowish brown, scattered phosphate nodules, banded, 

chert, black, broken ; base not seen 



P|0». 



Per cent. 



34.65 
34. SO 
32.64 



23.08 



22.97 



Equivalent 
Ca,(PO«),. 



Percent. 



75.71 
75.57 
71.31 



62.31 



50.18 



Thick- 
ness. 



1 



Ft. in. 
1 3 
1 8 



4 
1 



1 
2 

3 
1 



8 

9 
3 



6 

5 

6 

10 


5 

6 
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Partial section of phosphate shales in NW. } NE. i sec. 11, T. 4 8., R. S7 E., 

compiled from trench and three teat pits. 



Character of beds. 



Shales, black kdA purplish; base and top not exposed 

Not exposed 

Sandy and shaly material, yellow; base and top not exposed 

Not exposed 

Limestone, black, fetkl 

Phosphate rock, iTTeKularly bedded, black, nodular 

Shale, brownish blacx; bass not exposed 

Not exposed 

Shale, black, thin-bedded, top not exposed 

Broken £one that contains fragments of phosphate rock and shale, much 

weathered, and calcareous material 

Phosphate rock, broken, somewhat sandy, weathered; has a calcareous 

coaling and a medium to coarse oolitic texture 

Phosphate rock, medium to coarse, oolitic toward top, black to brown; 

white coating along bedding planes and Joint surfsoes; beds one-eighth 

of an inch to 3 inches thick Including^ 

Incket. 

Sample 3 28 

Sample 2 24 

Sample 1 24 

Phosphate rock, medium oolitic, thin-bedded, yellow, sandy streaks, 

white calcareous streaks, much broken and weathered 

Fault, small, normal, plane vertical, downthrow on north, throw not 

shown but probably slight as same yellow material that occurs on 

south side lies under phosphate on north side. 
Broken sandy material that contains finagments of black chert and a 

few pieces of phosphate. 



P,Oi 



9W1. 



Percent. 



34.35 
34.22 
32.62 



Equivalent 

to 
CatCPO^H. 



Percent. 



75.05 
74.77 
71.47 



Thick- 



Ft. in. 

2 6± 
1B± 

2 6 
50± 
8 



1 

1 

20 

I 




6 



6 

S 



6 4 
1 3 



102 6 



Partial section of phosphate shales in NE. J SE. i sec. 36, T. 5 8., R. 38 /?., 

compiled from trench and six test pits. 



Character of beds. 



PiO^ 



Equivalent 
to 



Percent. 
Soil and other mateiiaL 
Shale, broken pieces, black to brown, somewhat phosphatic; contains I 

small lenses and scattered oolites \ 

Not exposed I 

Soil and other material ■ 

Shale, brown ] 

Not exposed 

Soil that contains fragments of cherty Umestone and shale I 

Phosphate rock layer, black, medium oolitic i 

Shale, black ' 

Not exposed 1 

Limestone, deep drab j 

Shale, brown, with scattered oolites ; 

Phosphate rock, black, medium oolitic I 

Shale, brown; base not shown ' 

Not exposed 

Phosphate rock, black, finely oolitic 1 31. 40 

Shale, brown 

Not exposed ' 

Shale, black, phosphatic ' 

Not exposed 

Limratone. scattered oolites 

Shale, black, weathered brown , 

Limestone, black, fetid, fossiliferous; "Cap lime 



Percent. 



Main bed of phosphate rock, oolitic . 



Phosphate rock, sandy 

Zone, weathered, yellow, sandy 

Phosphate rock, faiard, dense 

Limestone, lower Phosphorla, fossiliferous. 



I 33.02 
{ 35.46 
I 33.14 



68.7 



72.1 
77.4 
74.1 



Thick- 
ness. 



Ft. in. 



2± 
48 

1 

1 

7 
18i: 



16 



1 

10 

1 

10 

1 

15 

2 
2 
2 
2 
2 







1 
7 

3 
3 
2 


Q 




3 
11 
1 
1 



6 
9 
3 



146 
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The three sections all show the presence near the base of a phos- 
phate bed 5 or 6 feet thick which contains on the average more than 
70 per cent tricalcic phosphate. Much phosphatic material is dis- 
tributed through the shales above the main phosphate bed, and at 
least one other bed of workable thickness and of nearly 70 per cent 
quality is shown in the section in T. 5 S., R. 38 E. In the George- 
town district still another bed of workable thickness and quality is 
shown near the top of the shales. This bed is usually difficult to 
open because of the large and abundant fragments of Rex chert 
that conceal the upper portion of the shale. It is possible that this 
bed is represented in the Fort Hall Indian Reservation, but its 
presence was not determined. 

The " Cap lime " was present in only one of the three sections ex- 
amined — ^that in T. 5 S., R. 38 E. Its absence in the other two sec- 
tions may, perhaps, be due to the disturbance indicated by the broken 
zone above the main phosphate bed in those sections. 

The fossiliferous limestone at the base of the section in T. 5 S.. 
R. 38 E., was noted at only two other places besides the place where 
the section was measured — in the NW. J NW. J sec. 36, T. 5 S., R. 
'38 E., and the SE. i SE. i sec. 21, T. 4 S., R. 37 E. The rock is 
dark and fetid and contains large forms of Productus and Spirifer, 
The thickness was not determined but probably does not exceed 2 
or 3 feet. , 

Rex chert memher. — ^The Rex chert member, which overlies tho 
phosphate shales, is represented chiefly by a dark, flinty shale that 
forms rounded hills and smooth slopes strewn with small angular 
fragments. In some places, as in sees. 2 and 11, T. 4 S., R. 37 E., 
and sec. 28, T. 5 S., R. 38 E., the Rex forms characteristic dark 
massive ledges of chert, and in one place, in the SE. \ SW. \ sec. 29, 
T. 5 S., R. 38 E., the chert appears to grade into a massive cherty 
limestone. ^ 

An unusual f acies was observed by G. H. Girty and J. W. Merritt 
in the SW. \ NW. i sec. 2, T. 4 S., R. 37 E. Here the rock is a yel- 
low sandy shale and carries beds of earthy limestone. Its lithology 
is similar to Woodside shale though of somewhat more intense yel- 
low color. The distinguishing feature is the presence of a distinctly 
Paleozoic fauna, which consists chiefly of the brachiopod Amhocoelia 
in abundance, together with pelecypods that suggest Paleozoic char- 
acteristics but are not definitely identified. 

The Rex chert is generally nonfossiliferous, but at some places it 
contains spicules and casts of crinoid stems, in addition to brach- 
iopods. G. H. Girty lists the following as the most characteristic 
species: 



Productus multistrlatus. 
Proiluctus subhorrldug. 
Splrlfer aft S. cameratus. 



Spiriferina pulchra. 
Composita subtilita var. 
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At a locality on Deer Creek, in the Preuss Range, Mr. Girty 
obtained the following fauna from the limestone facies of the Rex 
chert: 



Amphoporella laminaria. 
Productus nevadensis. 
Productus eucharls. 



Prodnctus multistriatus? 
Gamarophoria n. sp. 



No fossils were found in the Rex chert in the Fort Hall Indian 
Reservation. 

At two or three places in the ridge in the west part of T. 5 S., 
R. 38 E., there are small areas of a grayish-yellow chert, more or less 
brecciated and associated with a light-gray limestone. 

The identity of this chert is in doubt. It may be assignable to the 
Rex or perhaps to the Wells formation. 

The thickness of the Rex chert, as measured in a section that 
includes Triassic beds, in sees. 1 and 2, T. 4 S., R. 37 E., is 350 feet. 

TRIASSIC SYSTEM. 
OOOUBBEHOE AVD BVBDIVIBIOVB. 

The Triassic system is well represented in the eastern mountainous 
region of the Fort Hall Indian Reservation, where it has been sub- 
divided into five formations that aggregate 5,350 feet in thickness, 
classed as Lower Triassic. In addition three formations of some- 
what uncertain age, which have a combined thickness of 900 feet, are 
doubtfully classified as Triassic. The Lower Triassic rocks ar« not 
exposed elsewhere in the reservation. The five formations into which 
they are divided are the Woodside shale, Ross Fork limestone, Fort 
Hall formation, Portneuf limestone, and Timothy sandstone. The 
Ross Fork, Fort Hall, and Portneuf comprise the Thaynes group. 
The three doubtfully Triassic formations are the Higham grit, Dead- 
man limestone, and Wood shale. The Nugget sandstoncf which over- 
lies the Wood shale and was formerly considered as Triassic or 
Jurassic, is now referred to the Jurassic. 

BEVIEW OF V01CEV0LATT7BS. 

The names of some of the subdivisions mentioned in the preceding 
paragraph are comparatively new, and others are used in a some- 
what different sense from that in which they have hitherto been em- 
ployed, so that an outline of the steps by which these changes in 
nomenclature have come about may appropriately be given here. 

The Woodside shale and Thaynes formation were first described 
by Boutwell ** in the Park City district of Utah. He also described 

^ Boutwell, J. M., stratigraphy and stmctare of the Park City mining district, Utah : 
Jonr. Geology, yoL 16, pp. 484r-458, 1907. 
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an overlj^ing formation, chiefly of red beds, 1,650 feet thick, which 
he called the Ankareh shale. About the same time Vcatch ^'^ described 
formations in southwestern Wyoming to which he gave Boutwell's 
names Woodside and Thaynes, but he also described a series of 
sandy beds above these, 1,900 feet thick, to which he gave the name 
Nugget formation. The lower 600 feet of the Nugget formation was 
described as made up of bright-red sandstones and shales, and the 
upper 1,300 feet as yellow thin-bedded sandstones and shales that 
weather dark brown. The two subdivisions were mapped separately 
by Veatch. 

Gale and Sichards^® and later Richards and Mansfield*^ carried 
the nomenclature of Boutwell and Veatch into southeastern Idaho, 
employing the name Ankareh shale for the red beds above what was 
then regarded as the upper limestone of the Thaynes and below a 
conglomeratic sandstone near the base of the Nugget as exposed in 
Baymond Canyon, in the Montpelier quadrangle. 

Boutwell *® in a latter publication employed Veatch's term Nugget 
to designate the upper 500 feet of the beds which he had formerly 
included in his Ankareh shale. 

The examination of the Fort Hall Indian Reservation in 1913 led 
the present writer to consider the Thaynes a group of three forma- 
tions, the uppermost of which, now known as the Portneuf limestone, 
has an abundant and distinctive fauna and is about 1,500 feet thick. 
The rocks representing the Nugget sandstone of Veatch were also 
divided by the writer into four members, the lowest of which is a 
massive conglomeratic sandstone 500 feet thick, supposed to corre- 
spond with the conglomeratic sandstone at the Raymond Canyon 
section. Between the Portneuf limestone and this conglomerate there 
is a sugary yellowish sandstone 800 feet thick that was supposed* to 
correspond stratigraphically with the Ankareh shale, though it con- 
tains no red beds, and this was called the Ankareh sandstone.*' 

The subdivisions as worked out in the Fort Hall Indian Reserva- 
tion were carried eastward in succeeding field seasons into the Lanes 
Creek and Freedom quadrangles and thence southward into the 
Montpelier quadrangle and some of the regions formerly studied by 

« Veatch, A. C, Geography and geology of a portion of sonthwestem Wyoming : U. 8. 
Geol. Survey Prof. Paper 56, pp. 50-56, 1907. 

^Oale, H. S., and Richards, R. W., Preliminary report on the phosphate deposits In 
southeastern Idaho and adjacent parts of Wyoming and Utah : U. 8. Geol. Survey BuU. 
430, pp. 457-585, 1910. 

^ Richards, R. W., and Mansfield, G. R., Preliminary report on a portion of the Idaho 
phosphate reserve : U. S. Geol. Survey Bull. 470, pp. 371-439, 1911 ; Geology of the 
phosphate deposits northeast of Georgetown, Idaho : U. S. Geol. Survey Bull. 577, 1914. 

« Boutwell, J. M., Geology and ore deposits of the Park City district, Utah : U. S, Geol. 
Survey Prof. Paper 77, pp. 42-69, 1912. 

* Mansfield, G. R., Subdivisions of the Thaynes limestone and Nugget sandstone. 
Mesozoic, In the Fort Hill Indian Reservation, Idaho : Washington Acad. Scl. Jour., vol. 
6. pp. 31-42, 1916. 
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Gale and Richards. The Portneuf limestone is divisible into three 
members, a lower and upper limestone, each of which carries a similai 
fauna, and a \vell-developed intervening red member consisting ol 
interbedded sandstones and shales. The red member thickened south- 
ward whereas the upper limestone grew thinner in that direction. 
The upper limestone member of the Portneuf is believed to be the 
'* limestone or calcareous shale " mentioned by Gale and Richards ^^ a£ 
composing the upper member of their Ankareh shale, and the under- 
lying " red bed " member of the Portneuf is believed to compose the 
lower member of their Ankareh shale, whereas the lower limestone 
of the Portneuf constitutes the top member of their Thaynes. The 
relationships here outlined are shown in the accompanying table. 

If the subdivisions Portneuf, Timothy, Higham, Deadman, and 
Wood are to be retained, as seems desirable because of the detailed 
work in which they have been employed, the term Ankareh must be 
dropped from the nomenclature of southeastern Idaho. The reten- 
tion of the name Ankareh for the sugary-yellow sandstone above the 
Portneuf limestone is inadvisable, both because of the difference in 
lithology and because the sandstone represents only a small part oi 
the stratigraphic interval to which the name was originally applied 
A new name, Timothy sandstone, is therefore here adopted for this 
sandstone. 

The " main sandstone member of the Nugget," as it was previously 
called in the Fort Hall Indian Reservation,"* is distinct and charac- 
teristic wherever exposed. It is recognized as a distinct mappable 
unit over a large area, for it is the same as the Nugget sandstone ol 
Boutwell in the Park City district, Utah, the same as the Nugget 
sandstone of Schultz in the Rock Springs uplift of southwestern 
Wyoming, and the same as the upper member (major part) ol 
Veatch's Nugget formation, as typically exposed at Nugget station, 
on the Oregon Short Line Railroad, in Lincoln Coimty, southwestern 
Wyoming. Accumulated evidence supports the view that it is ol 
Jurassic age. The name Nugget is therefore here restricted to this 
sandstone. The lower 600 feet of Veatch's Nugget, comprising hig 
" red-bed member," is regarded by both the writer and Mr. Schultz 
who has studied the rocks at the Nugget type locality, as the equiva- 
lent of the Higham grit, Deadman limestone, and Wood shale of the 
Fort Hall Indian Reservation, and there is no reason whv thev should 
be grouped with the overlying beds, for they are lithologically and 
stratigraphically distinct. 

The Higham grit, separated from the underlying formations by 
a marked unconformity, and the succeeding Deadman limestone and 



» U. S. Geol. Survey Bull. 430, p. 480, 1910. 

" Mansfield, G. R., Subdivisions of the Thaynes limestone and Nugget sandstone, 
Mesozoic, Jn the Fort Hall Indian Reservation, Idaho : Washington Acad. Scl. Jour., vol. 
0, p. 42, 1016. 



.thweaiem Wyoming. 



Mansflflld. 
ort Hall Indian Reaervstion and n«igl»- 
borlng areas In southeastern Idaho, f 



vein Creek limestone, 2fiOO^fiOO± feet. 



uggfiii sandstone (red and Ught-oolored 
sandstones). 



'ood shale (red). 



eadman limestone. 



i^hamgrit. 

Ixnothy sandstone (yellowish). 



inynes 

.aooieet. 



Portnenf 
limestone. 



Limestone. 



Red sandstones 
and shales, 200- 
1,000 feet. 



Limeetone. 



Fort Hall formation. 



Ross Fork limestone. 



^oodside shale. 



Bchults. 

Rook Biirin0 uplift, soathwestem 

Wyoming.^ 



Twin Creek limestone. 



Nugget sandstone. 



Ankanh shale. 



Not recognised. 



Thaynes (?) formation. 



Wooddde shale. 



Age, 



Jmassio. 



Trla«lo(r). 



Lower Tilassie. 



I; there is an luuxmformity at the hase of the Nngget there, and that the "gy^gii^m grit will be found 
ae is probably not represented in Veatoh'i seetlon. 
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Wood shale are also here treated as independent formations because 
they have been identified and mapped over considerable areas in the 
Cranes Flat, Lanes Creek, Freedom, and Montpelier quadrangles as 
well as in the Fort Hall Indian Reservation. 

LOWER TRIA8SI0 FORHATIOHS. 
GENERAL CHARACTEB. 

The formations assigned to the Lower Triassic include 5,350 feet of 
shales, calcareous beds, and sandstones grouped in five formations, 
all of which except the Timothy sandstone are f ossiliferous at certain 
horizons. The determination of age, as pointed out in the discussion 
of the Ross Fork limestone, is based upon ammonite zones, which 
here occur 900 to 1,200 feet above the top of the Paleozoic formations. 
The fossils of the overlying 4,000 feet of sediments are less distinc- 
tive, and the faunal relations of some of them, notably certain brach- 
iopods of the Portneuf limestone, have not been fully studied. It is 
therefore possible, though perhaps not probable, that some of this 
thick sedimentary series may be of later age than Lower Triassic. 

WOODSIDE SHALE. 

The Woodside shale, which immediately overlies the Phosphoria 
formation, takes its name from the Park City mining district, Utah. 
It is composed mainly of yellow and olive drab, platy, calcareous, 
and sandy shale which contains thin beds of gray dense limestones 
that weather brown or purplish. The limestones are few and re- 
latively far apart in the lower part of the section but are more 
numerous and thicker bedded near the top. Some of the limestones 
are crowded with pelecypod shells, principally MyaUna. In Utah 
and near Paris, Idaho, some of the beds of the Woodside shale are 
colored red. In most of the southeastern Idaho region the formation 
is characterized by the yellowish or olive-drab tints above noted. 
Near the base, however, in the Fort Hall Indian Reservation, the 
beds have a distinctive reddish-brown tint and are relatively sandy. 

The base of the Woodside-shale, which in regions previously studied 
has been rather sharply marked by a lithologic and faunal change, 
is not so clear in the region under discussion. The Paleozoic fauna 
locally found above the chert of the Rex member necessitates the 
location of the Triassic boundary above that fauna, which occurs 
in brownish-yellow sandy shales and limestones not easily distin- 
guished lithologically from the Woodside, although the faunas of 
the Woodside and Rex, where well developed, are very different. 
In fact, this difference is so great as to suggest the probability of a 
stratigraphic break, though no angular unconformity has been 
observed. 
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The top of the Woodside shale is somewhat arbitrarily marked by 
the base of the Meekoceras zone, which represents the entry of the 
first fossil ammonites recognized in the faunas of these formations. 
The Meekoceras zone in this region is not as abundantly f ossiliferous 
nor as lithologically distinct as in some of the districts in the vicinity 
of Georgetown or Montpelier previously studied. The upper lime- 
stones of the Woodside are relatively massive and grade lithologically 
into those of the overlying Thaynes. 

The thickness of the Woodside shale in the Fort Hall Indian 
Reservation is somewhat less than in the (Georgetown and Mont- 
pelier districts. In this region the Woodside is about 900 feet thick. 

Topographically the Woodside shale is marked by relatively 
smooth slopes with few exposures except near the top, where the 
massive limestones form important ledges. 

THATNES GBOUP. 

General character, — The Thaynes limestone was named in the Park 
City mining district, Utah. In northeastern Utah and in the George- 
town and Montpelier districts of southeastern Idaho the Thaynes 
forms platy, calcareous shales like the Woodside, and brown weather- 
ing muddy limestones with a massive limestone at the top. In the 
last-named district the Thaynes limestone is about 2,000 feet thick. 
Toward the north and northwest the formation becomes thicker and 
shows a marked tendency to differentiate into several members that 
can be mapped as units. In the Fort Hall Indian Reservation these 
beds have a total thickness of about 3,650 feet, yet according to 
G. H. Girty*^ fossils similar to those of the upper limestone were 
found by C. L. Breger in shales which underlie the shale formerly 
chilled Ankareh in Montpelier Canyon, Montpelier quadrangle. As 
a result of subsequent work this shale is now regarded as part of the 
Thaynes. Thus the thicker series of beds in this district occupies 
the same stratigraphic interval as the Thaynes limestone farther 
southeast, and it has been found advisable to subdivide it into three 
formations, the Ross Fork limestone at the base, the Fort Hall 
formation, and the Portneuf limestone. 

Ko88 Fork limestone.^ — ^The Ross Fork limestone takes its name 
from Ross Fork Creek, in the upper waters of which this limestone 
is well exposed. The base of the Ross Fork limestone lies conform- 
ably upon the Woodside shale and is marked by the ^^ Meekoceras 

" Personal communication. 

""This limestone was previously described under the name Ross limestone. See Mans- 
field, G. R., Subdivisions of the Thaynes limestone and Nugget sandstone, M(^sozolc, in the 
Fort Hall Indian Reservation, Idaho : Washington Acad. Sci. Jour., vol. 6, pp. 36-87, 1910. 
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beds " recognized by the Hayden Survey and referred to the Triassic 
and later referred by Hyatt and Smith ** to the Lower Triassic. 

The MeekocercLS zone consists of gray to reddish-brown limestones 
about 50 feet thick, which contain numerous ammonites, the cham- 
bered shells of which appear on the weathered surface of the rock. 
In this region the fossils do not weather out so readily and the hori- 
zon is not so conspicuous as in the Georgetown district farther south- 
east. The TirclUes and CohmibUes zones, which have been recog- 
nized by Smith in the region of Paris, Idaho, 250 and 275 feet, 
respectively, above the Meekoceras zone,*' have not been definitely 
recognized in the Fort Hall Indian Reservation, although there is 
some evidence of more than one anmionite horizon. 

Above the Meekoceras zone for about 800 feet are massively bedded 
and thin-bedded gray to brown limestones, which contain large num- 
bers of small brachiopods, chiefly Pugruuc and terebratuloids, and 
pelecypods, MydUna and others, with intervening calcareous shales. 
The lithology of the shales and thinner-bedded limestones is much 
like that of the Woodside. The limestones have a sort of velvety 
appearance when weathered and are very fossilifer(5us. The pres- 
ence of a small brachiopods in the massive limestones near the base 
is a convenient guide to the Boss Fork limestone, where the Meeko- 
ceras zone is not available. 

The upper part of the Boss Fork limestone for about 500 feet con- 
sists of a dense calcareous gray to olive-greenish shale that weathers 
brown to yellow. These shales form conspicuous cliffs and are 
mainly nonfossiliferous. 

The writer is indebted to G. H. Girty for the following faunal 
discussion of the Boss Fork limestone : 

The fauna of the Ross Pork limestone consists chiefly of brachiopods, pelecy- 
pods, and cephalopods. The brachiopods and cephalopods are generally con- 
fined to zones which are narrow and possibly of small extent, but where found 
at all they are abundant. The brachiopods comprise a lAngula, a Terehratula, 
and a Rhynchonella, those terms being employed in a broad and general sense. 
The Rhynchonella closely resembles the Carboniferous species Pugnax Utah 
and, as the Triassic occurs in the general region from which the type speci- 
men was obtained, typical Pugnax Utah may indeed be the Triassic form, as 
was suggested to me several years ago by Mr. Breger. A few specimens of a 
smaU Discina have also been collected. 

The pelecypods consist mostly of pectinoids, of which there are many speoes. 
They probably Include representatives of both the Pectinldae and Limidae, 
and they occur in some places in vast numbers, either alone or associated with 
other forms. Like most of these Triassic fossils, they belong to undescribed 
species, though one form can probably be referred to AvicuHpecten thayneH- 

** Hyatt, Alpheufl, and Smith, J. P., The Triassic Qephalopod genera of America : U. S. 
Qeol. Survey Prof. Paper 40, pp. 17 et seq., 1005. 

*^ Smith, J. P., The distribution of Lower Triassic faunas : Jour. Geology, vol. 20, p. 17, 
1912. 
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anus. Other types of pelecypods are much less common. The one most fre- 
quently found is similar to that described by White as Volsella platynota, 
but if niy specimens really belong to White*s species, I believe that It is a 
Myalina. A small alate shell, which may belong to Bakewellia or Pteria, has 
been found, and also forms which suggest the genera Sehizodus, Cardiamorpha, 
and Pleurophorus. These last are so poorly preserved that their generic rela- 
tions, even as based on external characters, are conjectural. 

The cephalopods have been carefully investigated to the almost complete 
neglect of the rest of the Triassic fauna of this region. The Ross Fork lime- 
stone contains the most notable zone of the cephalopods — the Meekoceraft zone. 
Nevertheless, the collections studied, which were not made with special refer- 
ence to any one group of organisms, contain neither very numerous nor very 
complete specimens. The following species have been identified with more or 
less certainty: Meekoceras mushbachanum, Meekocera* gracilitatis, Paranat^ 
nit €8 aspenensis, Ophiceras dieneriy Flemingites russelli, Clypites tenuis. 

Gastropods are so rare in the Ross Fork limestone that they might with 
little loss be neglected In a hasty survey of its fauna. One collection contains 
an abundance of small naticoid shells (Natica leliaf), but of much more In- 
terest is the occurrence In another collection of a species of Bellerophon, 
There can hardly be a doubt of the generic relationship of this form, which 
resembles the Pennsylvania n species B, criuaus. The Bellerophon tidae, though 
profusely developed in the Paleozoic and almost confined to that area, have 
been known In other parts of the world also to range up into the Mesozolc. 

Fort Hall formation. — The Fort Hall formation is named from 
old Fort Hall, the site of which is in the valley of Lincoln Creek, a 
stream that is called on some maps Fort Hall Creek. The formation 
occupies a prominent ridge along the north side of this vaUey. The 
rocks lie conformably on the Ross Fork limestone. The dividing 
line is drawn on both lithologic and f aunal grounds. There are four 
fairly well defined subdivisions. 

(1) The base of the formation is a soft and somewhat sugary, 
yellow calcareous sandstone about 50 feet thick, which is sparingly 
fossiliferous and contains at one locality a bed of yellowish sandy 
limestone about 15 feet thick that carries plicated oyster-like pelecy- 
pods, terebratuloids, and other forms. This bed is overlain by white 
calcareous sandstone that weathers red or pink. 

(2) Above these sandstones there is a gray or yellowish, siliceous 
dense limestone which contains large pectenoids and irregular cherty 
nodules and streaks that weather with a rough surface and project 
along the bedding planes. This limestone forms rough ledges and 
high points. The thickness of this series is estimated to be about 
100 feet. 

(3) At only two localities, sees. 36 and 26, T. 3 S., R. 37 E., there 
was observed above (2) a set of sandy and shaly gray limestones 
about 50 feet thick, including an oolitic bed 6 to 10 feet thick. 

(4) The remainder of the section, estimated to be about 600 feet 
^.kness, consists of yellow to grayish cherty and sandy limestones 
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in thin beds, which are represented chiefly by fairly smooth slopes 
strewn with yellow and reddish sandy and cherty float fragments. 

Fossil collections have been made at a number of places in the Fort 
Hall formation. G. H. Girty contributes the following f aunal dis- 
cussion of the formation : 

The Fort HaU formation might appropriately be called the Aviculipectcn 
idahoensis zone, for it Is particularly characterized by that species, which 
occurs in most of the collections and in many of them is very abundant. With 
AiHctUipecien idahoensis are associated a few other types of pelecypods, among 
which a large BaketoeUia or Pieria and two or three species of pectinoid shells 
are the most common. There is also a form resembling Myalina (possibly the 
Vf^ella platynota of the Ross Fork limestone but smaller and less abundant), 
and several types which are too poorly preserved to be identified, but in general 
expression suggest Myacites, SchisoduSy and Pleurophorus. A small nntlcoid 
{Natica leliaf) is rather abundant in places, but otherwise gastropods are 
practically absent. 

In contrast to the preceding formation, the Fort Hall does not contain any 
cephalopods nor, with the single exception noted below, any brachiopods. As 
regards the pelecypods, the pectinoid sheUs, except AvicvXipecten idahoensis, 
are much less abundant in the Fort Hall formation, and some of the species of 
the Ross Fork limestone appear not to o^cur there at all. On the other hand, 
Aviculipectcn idahoensis appears to be restricted to the Fort Hall formation. 

One collection shows a remarkable and interesting variant of the Fort Hall 
fauna. It is distinguished by the absence of most of the pectinoids, even of 
Aviculipecien idahoensis, and by the abundance of terebratulas, of which there 
are four or five varieties or species. Of the pelecypods the most noteworthy 
are a large Lima (new species) and a sharply pUcated oyster, beside which 
there are two species of Myacitesf, a large Bakewelliaf, and one or two other 
forms. The gastropods are represented by Natica lelia and by another species, 
possibly a Pleurotomaria. 

PORTNEITF LIMESTONK. 

The Portneuf limestone is named from Portneuf River, at the 
head of which the limestone is well exposed. The rock is a massive 
siliceous and cherty, gray to yellowish limestone. The chert occurs 
in rounded and elongated nodules and in streaks. Siliciiied fossils, 
including Spiriferina n. sp.?, Terebratula semis implex and other 
terebratuloids, and Myaphoria lineataf^ project from the weathered 
surfaces. 

The formation is fairly resistant to erosion and forms low, broad 
ridges and sloping interfluvial areas. Its thickness is estimated at 
about 1,560 feet, although there is some uncertainty because of com- 
plexities of structure. 

In the Lanes Creek, Freedom, and Montpelier quadrangles farther 
east a well-developed red bed member, which consists of inter- 
bedded red sandstones and shales and ranges in thickness from 200 
to 1,000 feet, occurs in the midst of the Portneuf limestone. In the 
158145''--20 i 
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Fort Hall Indian Beservation this was not recognized and if present 
is much less conspicuous than in the other regions named. 

Numerous collections were made from this formation by G. H. 
Girty, who furnishes the following f aunal discussion : 

The Portneuf fauna is the most varied and interesting of the three Triasslc 
faunas of the Fort Hall Reservation. Echinold spines occur in a number of 
locaUties, but they are not plentiful. On the other hand, segments of the 
stems of Pentacrinus are often found in great abundance. In two localities 
Bryozoa are abundant — small branching types, which superficially resemble the 
Carboniferous genus BatoHomeUa, Several new genera and species are indi- 
cated by thin sections. Brachiopods are abundant but confined to two families. 
The Portneuf contains the horizon of Terebratula Bemisimplex, and several 
other terebratuloid types, which are apparently undescribed, are also found in 
this formation. An undescribed species of Bpiriferina Is present In many of 
the collections, and there may be a second species. 

Pelecypod types are numerous, though many of the specimens are i)oorly 
preserved. No species is more common in this fauna than one which was 
figured by Meek as Myophoria lineatat The locality of Meek's specimen is 
given as Weber Canyon and the horizon as Jurassic. I can not but think 
that there is some mistake in the stratigraphic position of his material, which 
was said to be above the quarry rock, the quarry, I assume, being then as now, 
in the Nugget sandstone. As compared with their abundance in the two lower 
formations, pectens are scarce in the Portneuf. A large form with very coarse 
ribs is present in several collections, and there are other species, both large 
and small. A large Pteria or BakeweUia has been found at many localities; 
also a ^lyalina or MytUns. Leda is present, and Nucula, together with types 
suggesting Pinna, Myacitea, Pleurophorus, Astarte, CucuUaeat and other forms. 
One locaUty has furnished a few specimens of O stream not only a plicated form 
similar to that of the Fort Hall formation but also a smooth type. 

The scaphopods, too, are represented in this fauna by one or two species of 
Dentalium. 

Gastropods are less abundant than pelecypods, the only common type being a 
small Natica, probably If. leUa, Several small species of Pleurotomariaf have 
been collected, and also shells suggesting the genera Holopea, Nerita, and Macro- 
cheilina. The most interesting representative of this type, however, is a beauti- 
ful little species which apparently belongs to the Carboniferous genus Schizo- 
atoma, or at all events to the euomphaloid group. 

Cephalopods are practically absent in this formation, as they are in the Fort 
Hall. One specimen only was obtained ; it is apparently identical with Pseudo- 
aageceraa intermontanum, 

TIMOTHY SANDSTONE." 

The Timothy sandstone derives its name from Timothy Creek in 
the Lanes Creek and Freedom quadrangles, east of the Fort Hall 
Indian Reservation. The sandstone is well exposed in those quad- 
rangles and is cut by the creek. 

The beds that occupy this stratigraphic interval are somewhat 
sugary, yellowish to grayish sandstones in beds 1 to 3 inches thick. 
They weather down into smooth depressions between the more resist- 

** Preyionsly described as Ankareb sandstone. Mansfield, O. R., op. dt., p. 40« 
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ant formations on either hand. The sandstone is generally of uni- 
form character and in some places weathers with a pinkish tinge. Its 
thickness is about 800 feet. 

The base of the sandstone here seems to rest conformably upon the 
massive and siliceous Portneuf limestone, and the top appears to be 
overlain conformably by the Higham grit. In the Montpelier quad- 
rangle, farther east, however, there is evidence that the Timothy 
sandstone is at least locally unconformable with both the underlying 
Portneuf limestone and the overlying Higham grit. 

No fossils have yet been found, in the Timothy sandstone. In the 
Fort Hall Indian Reservation it appears to be more intimately as- 
sociated with the underlying Thaynes group than with succeeding 
formations. It is. accordingly considered Lower Triassic. The un- 
conformity at its base in the Montpelier quadrangle suggests, how- 
ever, that the sandstone may prove to be of later age. 

TRIASSIC ( ? ) FORMATIONS. 
AGE. 

The great thickness of the formations assigned to the Lower Trias- 
sic — 5,350 feet — the unconformity at the base of the Timothy sand- 
stone in the Montpelier quadrangle to the east, and the unconformity 
at the base of the Higham grit suggest that this formation, together 
with the overlying Deadman limestone and Wood shale, may belong 
to the Middle or Upper Triassic or may be of later age than Triassic. 
The search for fossils in these formations has thus far been unre- 
warded. They are therefore doubtfully classified as Triassic' 

HIOHAX OBIT. 

The Higham grit is named from Higham Peak, in sec. 23, T. 3 S., 
R. 37 E., the highest summit in the northeast part of the reservation, 
which is composed of this rock. The grit is a coarse, white to pink- 
ish, gritty or conglomeratic sandstone, which is distinct lithologically 
from other rocks of the region and forms prominent topographic 
features. It forms bold strike ridges that are marked by rough 
craggy ledges in many places, as shown in Plate II, A, The pebbles 
are all of quartzite, so far as observed. No material derived from 
immediately underlying formations has been observed in the Higham 
grit. The formation here appears to be conformable on the under- 
lying Timothy sandstone, but the abrupt change in lithology and the 
apparently gradual transgression of underlying Lower Triassic 
formations farther east and southeast indicate an unconformity 
probably of considerable importance. The rocks are much frac- 
tured, a feature which causes them to weather in pinnacled and 
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castellated forms, and in many places they are slickensided, as a 
result of severe deformation. The thickness is about 500 feet. 

The base of the Higham grit lies approximately 5,600 feet above 
the phosphate shales. Where an area is underlain by the Higham or 
later formations in normal position the phosphate lies too deep for 
recovery under present conditions. 

DEADKAH LZXEBTOVS. 

Stratigraphically above Higham grit and lying a short distance 
back of the crests of the ridges occupied by that formation lies a 
dense purplish-gray limestone of almost lithographic quality, which 
contains subordinate amounts of gray and greenish chert. This rock 
is called the Deadman limestone from Deadman Creek in the north- 
east part of T. 4 S., R. 38 E., near the headwaters of which it is ex- 
posed. The limestone^ is topographically resistant and in favorable 
places forms prominent ledges, as in sec. 25, T. 3 S., R. 37 E. Ordi- 
narily, however, it is rendered inconspicuous by the proximity of the 
more resistant Higham grit. No fossils have been observed in this 
limestone, which is about 150 feet thick. 

WOOD SHALE. 

Next above the Deadman limestone in stratigraphic order there is 
a bright-red shale which weathers to a red soil. This rock is called 
the Wood shale, from Wood Creek, in T. 3 S., R. 38 E., which cuts 
across the shale and the overlying Nugget sandstone. It is less 
resistant than the adjacent rocks on both sides and occupies depres- 
sions or gullies. Locally pieces of gypsum lie here and there on the 
surface. Outcrops are few, but the shale may be traced by patches 
of bright-red soil. It is apparently 200 to 250 feet thick. 

JURASSIC SYSTEM. 
OCCITBHENCE AND BITBDIVISION. 

Jurassic rocks are exposed only in the northeastern part of the 
eastern mountainous region. They are divided into two formations, 
the Nugget sandstone, formerly regarded as Triassic or Jurassic, 
and the Twin Creek limestone. 

NUGGET SANDSTONE. 

As explained elsewhere (p. 44), the name "Nugget" is here re- 
stricted to the upper member or major part of the Nugget forma- 
tion, as originally defined by Veatch. As thus restricted it is consid- 
-^red to be the equivalent of the White Cliff and Vermilion Cliff sand- 
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stones, from the upper part of which Gale *^ collected Jurassic fossils 
in the Uinta Mountain region of northwestern Colorado and north- 
eastern Utah. Although the base of the formation in the Fort Hall 
Indian Keservation is apparently conformable upon the Wood shale, 
relations elsewhere suggest that an unconformity exists at this 
horizon. Two unconformities, one of which is probably extensive, 
occur, as previously noted, in rocks that lie between the Nugget 
and the fossiliferous rocks of the known Lower Triassic, and the 
stratigraphic unit which is believed to represent the Nugget within 
this interval has yielded only Jurassic fossils. For these reasons the 
Nugget sandstone is now referred to the Jurassic. 

The -Nugget sandstone succeeds the Wood shale, and consists in 
many places of brick-red, fine-textured sandstone in beds 1 to 6 inches 
thick, locally strongly cross-bedded, which torin rounded hills that 
are strewn with angular, platy blocks weathered from the ledges. 
In other places the sandstone is somewhat firmer, coarser textured, 
quartzitic, and pinkish to whitish in color, weathering dark and 
forming slopes strewn with rough, blocky purplish talus. Mark- 
ings that resemble footprints and other impressions were collected 
from these sandstones, but they proved to be too indistinct for 
identification. No other fossils have been found in the formation. 

The stratigraphy of these sandstones has not been worked out, 
fqr the beds are involved in folds and faults, the details of which it 
was not practicable to determine, because the rocks are stratigraphi- 
cally so far above the phosphate, which was the subject of investiga- 
tion. The top of the sandstone is not exposed, or has not been 
recognized, for the overlying Twin Creek limestone cuts irregularly 
across the formation in a fault. 

The thickness of the Nugget sandstone has not been measured, 
but it is estimated at not less than 1,500 feet. 

TWIN qjE^EK LIMESTONE. 

The detailed stratigraphy of the Twin Creek limestone, which 
overlies the Nugget sandstone, has not been worked out, but the 
formation may tentatively be divided into three parts : 

1. Near the base a yellow calcareous sandstone with interbedded 
massive gray limestones crowded with oyster shells. 

2. Thin-bedde5, shaly whitish-gray and darker-colored limestone 
that weathers into chippy and splintery fragments. This is the 
part of the Twin Creek limestone that is exposed in the Montpelier 
and Georgetown regions farther southeast that have been previously 
studied. 



■^ Gale, H. S., Coal fields of northwestern Colorado and northeastern Utah : U. S. Geol. 
SarreX BnlL 415, pp. 51, 52, 1910. 
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3. Yellow and grayish calcareous thin-bedded sandstone, more or 
less fossiliferous, together with some massive gray limestones. 

The actual base and the top of the formation were not observed. 
Faults occur on both sides of the main area occupied by the Twin 
Creek in Tps. 2 and 3 S., R. 37 E., whereas in T. 8 S., R. 38 E., the 
formation is in large part overlapped by volcanic d6bris. In the 
Montpelier and Georgetown regions the Twin Creek limestone ap- 
pears to be unconformable upon the Nugget sandstone. 

A small area of massive limestones included in a fault block in 
sec. 31, T. 3 S., R. 38 E., is tentatively referred to the lower Twin 
Creek but may prove to be Triassic. 

The fossils at several horizons indicate the marine character and 
Jurassic age of the formation. 

The thickness of the Tvin Creek limestone could not be measured 
in the Fort Hall Indian Reservation, but it appears to conform to 
the thickness observed in the regions described in the reports for 
1909 and 1911 and is probably as great as 2,600 to 3,000 feet." 

TERTIART SYSTEM. 
SALT LAKE FOBXATZOH (FLI00EVE1). 

Beds of white marls or of dense yellowish to dove-colored lime- 
stones, together with generally light-colored cojigjomerates, com- 
posed of light or dark pebbles that have a white calcareous matrix, 
and some greenish clays and dark shales overlie unconformably the 
rocks of most of the older systems. Associated with these beds and 
interbedded with them are beds of white volcanic ash and greenish 
or yellow tuflf or beds of partly waterwom volcanic debris. From 
the denser limestones in the SW. i SW. i sec. 1, T. 5 S., R. 36 E., 
fossils were collected and identified bv W. H. Dall as internal casts 
of a gastropod which may be Succinea or Lymnaea^ but which are 
not identifiable further. From one of the localities of marly lime- 
stone in the SW. J NW. \ sec. 15, T. 5 S., R. 38 E., fossils were col- 
lected, which, according to the same authority, represent the internal 
casts of one or possibly two species of Oreokelix and one Bifldaria^ 
both land shells and neither identifiable without more perfect 
material. The presence of Oreokelix suggests Pliocene age rather 
than early Tertiary. 

From a locality in the SW. i SW. J sec. 23, T. 7 S., R. 33 E., where 
carbonaceous shales were exposed in an old coal prospect, plant 
remains were collected. These fossils were examined by F. H. 

"*GaIe, H. S., and Richards, R. W., PrellmlDary report on the phosphate deposits in 
southeastern Idaho and adjacent parts of Wyoming and Utah : U. S. Geol. Surrey Bull. 
430, pp. 480-481, 1910. Richards, R. W., and Mansfield, G. R., Geology of the phosphate 
deposits northeast of Georgetown, Idaho : U. S. Geol. Surrey Bull. 577, p. 82, 1914. 
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Knowlton and proved to be fragments of stems and bark not deter- 
minable. 

The fossils thus far found are not of sufficiently determinatife 
value to establish definitely the age of these deposits. Lithologically 
und topographically the beds resemble those that were examined in 
the Montpelier and Georgetown districts and that have been de- 
scribed in a previous report.*^® Topographically also they are gen- 
erally distinct from the alli^vium that forms the bottom lands, and 
at many places they are sharply demarked from them by steep slopes. 
In Bulletin 470 they are referred tentatively to the Salt Lake group 
of Hayden ^ and Peale.®* The same correlation is tentatively made 
here, and the beds are called the Salt Lake formation. It should be 
noted, however, that these beds have lithologic resemblances to the 
Payette and Idaho formations of the Boise district. The Payette 
formation was first considered Miocene but later referred by Knowl- 
ton to the Eocene. The Idaho formation is Pliocene.** 

In three places— the SW. i sec. 1, T. 5 S., R. 36 E.; the SE. i 
sec. 21, T. 4 S., R. 37 E. ; and the NE. J sec. 3, T. 4 S., R. 37 E.— red 
conglomerates occupy small areas. They resemble lithologically the 
Eocene conglomerates in the southern part of the Montpelier quad- 
rangle. In the SW. i sec. 1, T. 5 S., R. 36 E., the red conglomerate 
is steeply inclined and seems to grade .conformably into the lighter- 
colored conglomerate series. The evidence at present is not suffi- 
cient to differentiate the red conglomerate from the others. 

The Tertiary beds cover many of the lower hills and form broad, 
gently sloping benches that descend from the higher hills and occupy 
much of the broader valley country. In some places, as in T. 5 S., 
R. 38 E., these lower hills and bench lands are strewn with boulders, 
locally of great size, which consist of white quartzite and the older 
limestones. In other places, as in sec. 36, T. 4 S., R. 36 E., the light- 
colored conglomerate consists almost entirely of small fragments of 
Triassic shaly limestone. 

The thickness of the Salt Lake formation has not been determined. 
On some of the higher slopes it is doubtless comparatively thin ; at 
lower elevations it may amount to several hundred feet. 

UNDirFERENTIATED TERTIARY AND QUATERNARY ROCKS. 

• 

Associated with the bench lands are some great alluvial fans, as 
in the west side of Tps. 5 and 6 S., R. 38 E., and east of the south fork 

" Ridiardfl, R. W., and Mansfield, G. R., Preliminary report on a portion of the Idaho 
phosphate reserve: U. S. Geol. Surrey Bull. 470, p. 395, 1911. See also U. S. Geol. Survey 
Ball. 430, pp. 481-482, 1910, and Bull. 577, p. 33, 1914. 

•Hayden, F. V., U. S. Geol. and Geog. Survey Terr. Fifth Ann. Bept, for 1871, pp. 

154-165, 1872. 
^'Peale, A. C, U. S. Geol. and Geog. Survey Terr. Eleventh Ann. Kept., for 1877, pp. 

588, 640, 1879. 
•Ltndgren, Waldemar, U. S. Geol Survey Geol. Atlas, Nampa folio (No. 103), 1904. 
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of Boss Fork Creek in Tps. 5 and 6 S., R. 36 E. These fans appear 
to bear the same relation to the higher hills as do the bench lands. 
They were doubtless deposited in the Putnam cycle of erosion when, 
as stated under the heading "Physiographic development," the 
bench lands were formed by the erosion ^f the weak Tertiary de- 
posits. The erosiohal processes necessarily included a certain 
amount of aggradation by which materials of Tertiary age were 
rearranged and redeposited on lower slopes and in valleys. It has 
not been practicable in the mapping to differentiate between these 
rearranged light-colored materials and the Tertiary deposits, which 
they closely resemble. Areas in which Tertiary beds have been 
clearly differentiated have been mapped as the Salt Lake formation. 
Other areas which are underlain largely by Tertiary rocks but which 
include some of the redeposited materials are mapped as Tertiary 
and Quaternary. These deposits, together with the Salt Liake forma- 
tion, underlie half or more than half of the surface of the reser- 
vation. 

QUATERNARY SYSTEM. 
BTTBDiyiSIOVS. 

Aside from the undifferentiated Quaternaty deposits just men- 
tioned three groups of Quaternary sediments have been identified 
and mapped, namely, older and recent alluvium and travertine. 

OLDER ALLVYITTU, 

A fairly sharp line of demarkation separates the older alluvium 
from the bench lands. A steep erosion slope truncates the lower 
ends of the benches in many places, whereas in others the lower ends 
of the benches form projecting fingers between which lie alluvial 
bottom lands. The erosion period that is represented by these 
steeper slopes apparently corresponds to the Gibson cycle and the 
surface imderlain by the older alluvium constitutes the Gibson ter- 
race. The older alluvium thus forms a broad plain 80 or more 
square miles in area in the northwest part of the reservation. The 
plain is generally marked by a very level surface with whitish soil 
and small pebbles. The pebbles, as exposed in the bluffs where 
crossed by the south line of T. 8 S., R. 34 E., consist of quartzite, 
quartz, chert, and igneous rocks, but there are few or none of lime- 
stone. The pebbles are subovoid to round and some of them are as 
much as 2J inches in diameter. Many of them have calcarfeous coat- 
ings. On the Ross Fork road about 2 miles north of Fort Hall 
Agency the pebbles are cemented into a conglomerate. In some 
places boulders 1 foot or more in diameter are found on the surface. 

Fossils were collected from the top of the bluff that overlooks 
Portneuf River in the SE. i SE. i sec. 9, T. 6 S., R. 32 E. The bluff 



STRATIGKAPHY. 57 

here ranges from 25 to 50 feet in height. The fossils were weathered 
out on the surface of a coarse argillaceous sand 15 feet thick that 
forms the top of the bluff at this place. Below this sand down to 
the level of the Snake River flood plain is a fine white soil. The 
fossils were submitted to W. H. Dall, who reports that they are 
probably not older than late Pleistocene, as they are all of living 
species, including Spkaerium striatinum Lamarck, Carinifex new- 
bern/i Binney, and Flurrdnicola rvuttalliana Lea. 

North of Ross Fork Creek the surface of the older alluvium is 
covered for a considerable area with dark volcanic sand that forms 
low dunes in some places, as in the southwestern part of T. 4 S., 
E. 34E. 

BEOEKT ALLIXVIXrX. 

Recent alluvial deposits form the present flood plain of Snake 
River (the Fort Hall bottoms) and the flood plains of the lower 
courses of its larger affluents in this region, including Portneuf 
River, Bannock Creek, and others. The recent alluvium is asso- 
ciated with the latest or Spring Creek erosion cycle. It is usually 
separated from the older alluvium of the Gibson terrace by steep 
bluffs. The recent alluvium is composed of material similar to that 
of the older alluvium, except that, so far as observed, the sand cover 
is absent. 

TSAVE&TIKE. 

Deposits of travertine occupy most of the SW. 4 sec. 33, T. 4 S., 
R. 38 E., and the SE. \ SE. \ sec. 28 of the same township. There are 
other smaller areas in T. 4 S., R. 35 E., which are associated with and 
apparently overlie the basalt. These deposits appear on the surface 
in thin broken fragments, and are in a number of places serviceable 
as indicators of the proximity of basalt. The larger areas first men- 
tioned are associated with active springs, and it is probable that in 
some of them, as in sec. 28, T. 4 S., R. 38 E., deposition is still in 
progress. The deposits associated with basalt may be the result of 
leaching and redeposition of calcareous material from overlying soils. 

IGNEOUS ROCKS. 

Igneous rocks occupy large areas in the reservation and are promi- 
nent topographically. Their extent is probably considerably greater 
than their outcrop, for they are interbedded with or intruded into 
the Tertiary and Quaternary deposits and are largely concealed by 
them in many places. For example, there is little doubt that the low 
hills which occupy the west part of T. 4 S., R. 35 E., northeast of 
Fort Hall Agency, are mainly basaltic, although the actual outcrop- 
pings of basalt are scattered rather than continuous. 

The several types of rock that are represented range in chemical 
and mineral composition from basalt to rhyolite. In weathering 
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also the igneous rocks present a corresponding variety of appearance. 
Thin sections have been made of the principal types, and these have 
been examined by E. S. Larsen, to whom the writer is indebted for the 
following identifications and descriptions : 

Igneous rockt in the Fort Hall Indian Reservation, 



yield 

No. of 

■pecimen. 



C^7 

C-31 
C-24 



lit. 16Sa.. 

Mt. 163.. 

Mt.97... 
M-306a. . 



M-2Q2. 



M-194. 



M>102a. 



M-44. 



Locality. 



NW. J NW. J Bee. 30, T. 
' 3 S., R> 96 £. 

8W. i 8W.J sec. 21, T. 3 

D.. R. 36 E. 
8E. i NW. ktec, 31, T. 4 

o., R. So £•• 



SW.l8W.i8ec.7,T.2 8., 
R.38E. 



SR.l8W.i8ec.l3,T.3 8., 
R. 38E. 



8W.i8E.Jsec.23,T.68., 
R. 33E. 

NW. i SE. J sec. 21, T. 5 
8., R. 35 E. 



8W. i NE. J sec. 22, T. 3 

8., R. 37 r*. 



8ec. 17,T. 3 8., R.38E. 



8W.i8E.i8ec.l8,T.3S., 
R.38E. 



NW.fSW. isec. 22, T. 7 
a, R. 33 E. 



N«me. 



Aof^te-quartz latite. 



RhyoUte. 



OUTine bMslt. 



RhyoUte. 



Olivine bualt. 



Augite-quarts latite. 
Pyroxene aadecdte . , 



Hornblende aodesite 



Hornblende - pyrox- 
ene andedte. 



Nepheline basalt. . 



OUvine basalt. 



Petrographic notea. 



Contains a few phenocrysta of plagioclase, 
aogite, and iron ore in a flne graundmass. 
In part granophync, in part spherulitlc. 
Not far from a rhyolito. 

Glass. 

Contains abundant laths of plagioclase, a 
less amount of olivine, considerable inter 
stitial augite, and a little glass. Apatite 
and iron ore are also present. The 
plagioclase is calcic labradorite. The 
olivine is partly altered to iddinpsite. 

A thhi secUon shows a tow crystals of 
orthoclase and plagioclase in a ground- 
mass which is largely glass with incipient 
crystallixatioa. Porous streaks are more 
coarsely oystalline and carry tridsrmite. 

A fine-grained rock made up of abimdant 
laths of labradorite lieldspar, considerable 
audte, Uny crystals of olivine, and 
griuns of black iron ore. There is much 
brownish interstitial glass. 

Contains crystals of quarts, andesine feld- 
spar, and augite In a granophyric to 
spherulitlc groundmass. 

Contains abundant phenocrysts of labra- 
dorite, some of nale-green augite, and 
many of an altered iron-stained pyroxene. 
The groundmass carries, among other 
materials, iron ore, plagioclase, and an 
altered mafic mineral. The rock is much 
altered, and secondary carbonate, chlo- 
rite, serpentine, scncite, and other 
secondary minerals arc abimdant. 

Contains phenocrysts of pale-green horn- 
blende and a few of plagioclase m a very 
finegrained groundmass made up of 
imperfectlv developed laths of plagio- 
clase, grains of augite and magnetite, 
and ooQsiderablo undetermined material, 
which probably contains both quarts 
and ortnoclase. It carries inclusions of 
sandstone. 

The specimen is taken from a fragment 
included in andesitic tuff. A thin seo- 
tion of the rock contains phenocrysts of 
sodio labradorite, brown homSlende. 
partly resorbed, abundant augite, ana 
nypersthene. The groundmass makes 
up somewhat less than half the rock, is 
microgranular to granoph3n1c, and is 
made up of quartz, ortnoclase, plagio- 
clase, magnetite, and apatite. 

A very ftesh, highly m^sic rock. The 
phenocrysts, which are nearly equal in 
amount to the groundmass, are chiefly 
olivine together with some augite and 
btodte. The groundmass is fine tex- 
tured and is largely augite with inter- 
stitial material, which has an index of 
reftactioo about equal to that of Canada 
balsam, is we^ly oirefracting. and may 
be nepneline. There is a little apatite 
and iron ore. 

Contains abundant crystals of calcic labra- 
dorite and considerable olivine and augite 
in a clouded groundmass, which is 
largely composed of augite in fernhke . 
or irregular skeleton crystals. There is 
probably a little glass. 
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The basalts all carry olivine and are in general relatively fresh 
and scoriaceous. They are well developed in the Bannock Valley 
region, in Tps. 3 and 4 S., B. 35 E., and in the canyon of Blackfoot 
River in the northeastern part of T. 3 S., R. 38 E. Specimen M-192a, 
which represents a single isolated locality, is especially noteworthy 
because of its content of nepheline. Nepheline basalts are relatively 
rare in the United States, being known at only a few widely sepa- 
rated localities in Montana, New Mexico, and Texas. The nearest 
of these localities to the Fort Hall Reservation is Lloyd, in the 
Bearpaw Mountains of Montana, about 400 miles away. A more 
extended description of this rock has been given elsewhere.** 

The andesites are most abundant in the southeastern part of T. 3 
S., R. 38 E., and form the chief component of a large area of tuff 
in the same township. Several small andesitic dikes have been recog- 
nized. Specimen 306a represents a much altered rock, the field rela- 
tions of which were not determined. It has not been differentiated 
in the mapping from neighboring basalts. 

The augite-quartz latites are extensively developed in T. 6 S., 
R. 33 E., and T. 3 S., R. 36 E., where they form prominent hills. 
They appear to represent, in part at least, the latest phase of vol- 
canic activity in the region, as they include the rock of the little cone 
in sec. 30, T. 3 S., R. 36 E. (See PL IV.) The volcanic sand which 
covers so much of the lava and alluvial areas in the northwest part 
of the reservation is apparently composed largely of the glassy 
form of this rock. 

The rhyolites are well distributed from the Bannock Valley region 
toward the northeast along the lower hills. They are particularly 
well developed in Tps. 7 and 8 S., R. 32 E., where they form massive 
ledges. As a rule they are more or less crystalline, but in some 
places they are glassy. The rhyolites and augite-quartz latites are 
grouped together in the mapping. They were not distinguished in 
the field. 

Several dikes occur in different parts of the reservation. These 
dikes are of acidic and basic or of intermediate composition. The 
most conspicuous dike forms the great rhyolite hill which runs north- 
west from sec. 18, T. 8 S., R. 33 E., into the adjacent township. 

Beds of volcanic ash and of more or less water-worn volcanic 
debris occur in many places, more or less closely associated with the 
lavas. In T. 3 S., R. 38 E., there is a considerable area of andesitic 
tuff. The volcanic sand above mentioned is the most recent volcanic 
feature. It overspreads much of the Gibson terrace but has not 
yet been recognized on the Fort Hall bottoms. 

"Mansfield, G. R., and Lanen, E. S., Nepheline basalt in the Fort Hall Indian Beseira- 
tlon, Idaho : Washington Acad. ScL Jour., yol. 6, pp. 468-468» 1915. 
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The relative ages of the igneous rocks have not been worke<l out 
in detail, but there appear to have been at least four eixxrhs of 
volcanic activity. An earlier basic or intermediate epoch, which was 
followed by an acidic epoch, is shown by included basic fragments 
in the great rhyolite dike mentioned above and by the fact that the 
andesitic tuff of T. 3 S., R. 38 £., is in places overlain by rhyolite. 
On the other hand, rhyolite is in several places overlain by basalt, 
as in the northwest comer of T. 8 S., R. 33 E., and in sec. 18, 
T. 2 S., R. 38 E. Finally both rhyolitic and basaltic areas are 
overspread in some places by the dark volcanic sand above men- 
tioned. 

There is some doubt about the identity of the basalts that are 
interpreted as belonging to the later series. The earlier basic series 
is known only from fragments in the rhyolite and in beds of vol- 
canic debris that are overlain by rhyolite. These basalts may really 
be andesitic and related to the andesites that are overlain elsewhere 
by rhyolite. 

There were several outpourings of basalt, as is shown by the suc- 
cessive flows that are exposed in the canyon of Blackfoot River. 
All the basalts mapped have "been tentatively grouped in a single 
series. Some of the quartz latites are younger than the rhyolites, 
as shown by the dark volcanic sand. There are, too, some later acidic 
intrusives, which cut the basalt in sees. 15 and 21, T. 7 S., R. 33 E. 
These intrusives may be latites rather than rhyolites and may be 
contemporaneous with or earlier than the volcanic sand. 

The andesites appear to be the old^ members of the volcanic 
series, for in sec. 31, T. 2 S., R. 38 E., the andesitic tuff is overlain 
by rhyolite and also by white and yellow Tertiary and Quaternary 
conglomerates. It is not clear that they underlie the Tertiary and 
Quaternary rocks altogether. They are more probably intercalated 
with those rocks and, like the rhyolites and basalts elsewhere in the 
reservation, are contemporaneous with parts of those deposits. 

The basalts appear to antedate the Gibson cycle, for pebbles of 
basalt occur in the gravels of the Gibson terrace, and large boulders 
of basalt lie here and there on its surface. According to the fossil 
determinations suggested above, the Gibson terrace is probably late 
Pleistocene. Thus the basalts and earlier solidified lavas probably 
range in age from Pliocene to early Pleistocene. The hardened 
lavas of the Snake River region have been in general assigned to 
the Pliocene or Pleistocene, whereas those of the Columbia River 
are older.** Unless the Tertiary deposits of the Fort Hall Res- 
ervation are considerably older than is now thought probable, 
most of the lavas of the reservation would not be older than the Plio- 

** Russell, I. C, Geology and water resources of the Snake Blver plains of Idaho : U. S. 
Geol. Survey Bull. 199, 1902. 
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cene. The basalts of the Blackf oot Canyon may possibly belong to an 
older series, yet their relative freshness and general similarity to the 
other basalts of the reservation appear to be unfavorable to this view. 

STBUCTXTBB. 

The geologic structure of the reservation is complex and involves 
both folding and faulting. There has been more than one epoch 
of deformation. The extensive cover of Tertiary and later deposits, 
which together with much solidified lava conceals half to two-thirds 
of the older rock structures, makes their interpretation diflScult. A 
number of structure sections are shown on the map (PI. III). In 
some places the details of structure are so numerous and so small 
that they could not be worked out under the existing conditions. 
The more important structural features of the eastern part of the res- 
ervation are described in the accounts of individual townships (pp. 
71-104.) 

rOIiDINQ. 

The Paleozoic and Mesozoic rocks have all been folded to a greater 
or less degree, but many of the folds have been so faulted that they 
lack continuity. This is true of all the larger folds and of many 
of the smaller. The largest and most conspicuous fold is shown in 
part in the northeastern portipn of the reservation. The southwest 
limb of a syncline enters sec. 13, T. 4 S., E. 38 E., and continues north- 
west nearly to Blackfoot River, where it passes under cover. This 
syncline is inclined toward the northeast and the southwest lunb is 
overturned in that direction. The central portions and the east limb 
of this fold are concealed by igneous rocks, and later sediments, and 
the west limb is cut by several faults. 

Similar synclines, or perhaps parts of a single syncline that trends 
northwestward, underlie the northeastern part of T. 5 S., R. 88 E. 
These synclines are largely concealed, but they are important be- 
cause they contain phosphate beds at available depths. 

Another similar phosphate-bearing syncline, which is interrupted 
by minor folds and broken by faults, occupies the southwest corner 
of T. 4 S., R. 38 E. 

An anticline in the northwestern part of T. 4 S., R. 37 E., which 
also involves the phosphate, is noteworthy because its axis trends 
northeastward at about right angles to the trend of the other folds 
mentioned. Nimierous faults are associated with this anticline, espe- 
cially in the region of the northeast tip. 

In the region of North and South Putnam mountains, in Tps. 6 and 
6 S., R. 37 E., the Cambrian rocks have been folded in different ways, 
but the stratigraphy and structure of these rocks have not been 
worked out. 
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In the northeast comer of T. 5 S., B. 36 E., and northwestward into 
the adjacent township there is an anticline of Upper Cambrian lime- 
stone which is flanked by Ordovician quartzite. This fold is over- 
turned toward the southwest, a remarkable feature, for in most 
places in the reservation and in the Montpelier and Georgetown dis- 
tricts farther southeast the inclination of the folds is toward the 
northeast. 

In T. 9 S., Rs. 32 and 83 E., and T. 8 S., R. 33 E., there are various 
folds in the Paleozoic rocks. In general the rocks trend northerly 
and dip easterly. The stratigraphy and structure of these rocks have 
not been worked out in detail. Faults cut the folds at several places. 

FAULTING. 

Faulting played a conspicuous part in the geologic structure of. 
the region. A detailed discussion of the numerous faults in the 
eastern part of the reservation is given in the descriptions of the 
individual townships involved. One fault, or group of faults, how- 
ever, merits special description. 

PVTVAK OYEBTHBirflT. 

The southern half of T. 5 S., E. 37 E., is occupied by the high 
rocky ridges and hills adjacent to North Putnam Mountain. These 
hills are largely composed of Cambrian quartzite and other Cam- 
brian and Ordovician rocks. At a number of places, notably North 
Putnam Mountain and the ridges to the east, the capping rock is the 
dense white vitreous Swan Peak quartzite of Ordovician age. This 
rock appears to arch gently up over the mountain from northwest 
to southeast, but it has been eroded and is now separated into large 
and small detached areas. One of these detached areas forms the 
summit of North Putnam Mountain. The relations of the Ordovi- 
cian quartzite to the underlying rocks may be explained as the result 
of either unconformity or of overthrust faulting. The latter view 
is regarded as more probably correct for the following reasons : 

1. The Swan Peak quartzite, where it lies upon the Brigham 
quartzite, generally shows no conglomeratic phase near the base and 
carries no recognizable fragments of the underlying rocks from 
which it might supposedly be derived if unconformable. Minor ex- 
ceptions to this statement have been observed in a few places in 
T. 5 S., R. 37 E., where a few pebbles of the imderlying quartzite 
are included in the Swan Peak quartzite. 

2. The Swan Peak quartzite in T. 5 S., R. 37 E., transgresses sev- 
eral other members of the Cambrian and Ordovician, including lime- 
stones and shales, but shows no signs of modification in composition 



STRUCTURE. 63 

such as might be expected if originally laid down ov6r rocks of 
these types. 

3. Examination of other portions of the reservation shows that all 
the Paleozoic systems are represented, and that under normal struc- 
tural conditions a full sequence of formations might be expected. 

In T. 4 S., E. 36 E., a fault (PL III, section B-B') , which has a com- 
puted westerly dip of 20®, swings around the north and east base of 
the quartzite and limestone hiUs that extend southward from sec. 
23 into T. 6 S., R. 36 E. It causes Cambrian and Ordovician lime- 
stones aud quartzites to lie against the Koss Fork limestone of the 
Thaynes group, which comes to the surface through the Tertiary 
conglomerate in several ledges about half a mile to the east of the 
base of the hill. Although the thicknesses of many of the interven- 
ing formations are not known, it is clear that this fault produces 
a break of considerable magnitude which is measured probably by 
thousands of feet. 

In the northeastern part of T. 6 S., R. 36 E., the Swan Peak quartz- 
ite swings across Ross Fork Creek in the tip of an overturned anti- 
cline, which causes the underlying Cambrian and Ordovician lime- 
stones to be exposed in the valley of that creek and along the west 
flank of the range of hills to the north. Apparently this block of 
limestones and quartzites is continuous with the block of Swan Peak 
quartzite south of the creek, so that in some way the thrust faults of 
T. 4 S., R. 36 E., and T. 5 S., R. 37 E,, are connected. The place 
and mode of connection, however, are concealed by the Tertiary and 
Quaternary deposits. The two faults combined, as suggested on the 
map, may appropriately be called the Putnam overthrust from 
North Putnam Mountain, the most conspicuous portion of the upper 
fault block. 

East of the fault in T. 4 S., R. 36 E., is another fault which ap- 
proaches it within half a mile at the nearest point and then recedes 
north and south. This fault has a computed westerly dip of 33°, but 
the obliqueness of structure section B-B' (PL HI) reduces it to 25°. 
This fault lies between the Triassic area on the west and Cambrian 
and Ordovician rocks on the east of the same series as those that 
comprise the quartzite and limestone hills to the west. The ques- 
tion is raised whether this fault may be a continuation of the Put- 
nam overthrust to the west or a separate fault perhaps subsidiary 
to it. If the second view is accepted, a part of the underlying 
Triassic block appears to have been thrust forward over the next 
block of the older rocks to the east, or else a portion of Triassic rocks 
from a higher group of strata, now elsewhere removed by erosion, 
has been underthrust between the two Cambrian and Ordovician 
blocks. If this fault is a continuation of the fault to the west, the 



64 FORT HALL INDIAN RESERVATION, IDAHO. 

fault plane has not only been folded into an anticline but also in- 
clined northeastward. It may be remarked in this connection that 
in T. 5 S., B. 37 E., the Putnam overthrust has been arched into an 
anticline and eroded but has not been overturned. In the Bannock 
overthrust,®^ 30 to 40 miles southeast, the fault plane has been both 
folded and overturned. There is then a precedent for this view as 
regards the Putnam overthrust, although it is perhaps wiser to con- 
sider this fault as a separate or a branch fault. 

Another fault which is closely related to the Putnam overthrust 
and may be a branch of it lies along the boundary between T. 4 S., 
Rs. 36 and 37 E. This fault brings Cambrian and Ordovician lime- 
stones against Mississippian and Pennsylvanian rocks. This fault 
in turn is accompanied by subsidiary faults that form a zone of 
highly shattered rocks. 

The dimensions of the Putnam thrust have not been determined. 
Its course within the reserViettion, exclusive of the more doubtful 
branches, extends 15 to 20 miles. To the northwest it is concealed 
by the Tertiary and Quaternary deposits. It is probably continued 
south of the reservation, but no examination of that region has yet 
been made. Plate I, C^ shows a part of the region traversed by the 
Putnam overthrust and illustrates the character of some of the 
formations involved. 

In sees. 14, 15, and 16, T. 5 S., R. 35 E., four faults ate indicated 
that separate earlier from later Paleozoic rocks. These may be in- 
dependent faults or separated parts of the same fault. They may 
also be related to the Putnam overthrust. The cover is extensive in 
this township, and the relations of these faults have not been worked 
out. 

In the Bannock Valley region in Tps. 8 and 9 S., R..33 E., and 
T. 9 S., R. 32 E., extensive faults separate the Cambrian and Or- 
dovician from each other and from the Carboniferous rocks. (See PL 
III, section A-A'.) Along the southwest border of T. 8 S., R. 
33 E., Cambrian and Ordovician limestones lie against the upper 
Mississippian Brazer limestone, and across the valley to the east 
similar Cambrian and Ordovician limestones with some Swan Peak 
quartzite lie against the lower Mississippian Madison limestone. In 
the southwestern part of T. 9 S., R. 32 E., Cambrian and Ordovician 
limestones with Swan Peak quartzite on the west lie against Pennsyl- 
vanian and older rocks on the east. It seems probable that these 
faults, which produce such similar effects, may be closely related or 
perhaps even connected beneath cover. The fault relations in the 
older rocks of Bannock Valley, T. 5 S., R. 35 E., and in the Putnam 

* RicbardH, R. W., and Mansfield, O. R., The Bannock overthrust : Jour. Geology, vol. 
20, p. 705, 1912. 
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overthrust are very similar, so that it is probable that they all are the 
result of the same def ormative movements. 

OTHEB FAXTLTS. 

In T. 7 S., Rs. 32 and 33 E., the rhyolites and basalts are normally 
faulted at several places and in T. 5 S., R. 35 E., the rhyolites have 
been similarly faulted. In T. 7 S., R. 33 E., the lavas on opposite 
sides of Bannock Valley are tilted away from each other with cliffs 
facing the valley. There is, therefore, some probability that this por- 
tion of Bannock Valley is in part of structural origin. Similarly 
the fault extending northwest from sec. 34, T. 7 S., R. 32 E., appears 
to have determined the location of the valley that coincides with it. 

The general structural relations outlined above, together with 
additional details, are shown in the geologic structure sections that 
accompany the maps of individual townships (Pis. V to X) and in 
Plate III. 

EPOCHS OF DEFORMATIOX. 

Early epochs of deformation are recorded in the unconformities 
previously noted. 

The youngest rock of the older group involved in folding and fault- 
ing is the Twin Creek limestone. The Tertiary and Quaternary de- 
posits lie unconformably on these older rocks. The time interval 
between these formations is long — Jurassic to Pliocene(?). Within 
this interval several deformative epochs have been recorded in dif- 
ferent parts of the western United States, and definite correlation of 
the deformative movements in the Fort Hall Indian Reservation with 
one or more of these can not be ''made without more complete data. 
There is, however, direct evidence of at least three deformative move- 
ments in the rocks of this region : 

(1) The major deformation, which produced the main folds and 
the Putnam overthrust together with the other thrusts noted above, 
probably took place in the interval between the Cretaceous and 
Eocene. In a previous paper *^ it was suggested that the Bannock 
overthrust was produced during the interval of deformation and 
erosion between the Adaville and Evanston formations of south- 
western Wyoming, discussed by Veatch.®^ A similar correlation 
might be tentatively made for this great deformative epoch in the 
Fort Hall Indian Reservation. To this epoch may probably be as- 
signed the overturning of the synclines in the northeastern part of 
the reservation and the development of the sharp folds and strike 

•■Richards, B. W., and Mansfield, G. R., Tlie Bannock overthrust, a major fault In 
soDtheastem Idaho and northeastern Utah: Jour. Geology, vol. 20, p. 704, 1912. 

•'Veatch, A. C, Geography and geology of a portion of southwestern Wyoming, with 
special retereaaco to coal and oil : U. S. Geol. Survey Prof. Paper 56, p. 76, 1907. 
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faults in the Nugget sandstone and underlying Triassic (?) forma- 
tions of the same locality. 

(2) The plane of the Putnam overthrust has been deformed and 
eroded on Mount Putnam, and if the eastern fault in T. 4 S., K. 36 E., 
is considered a part of that thrust it has even been overturned. 
These movements were doubtless subsequent to the main deformative 
period and may have occurred in early or middle Tertiary time. 
There has been, however, some deformation of the beds regarded as 
probably Pliocene (Salt Lake formation) in this region, for lime- 
stones and conglomerates in sees. 1 and 2, T. 5 S., K. 36 E., have dips 
ranging from 35° to nearly vertical. In other localities also, as in 
sees. 10 to 15, T. 8 S., R. 33 E., beds of the Salt Lake formation have 
dips of 60°-75°. The deformation which produced these steep dips 
must have taken place late in Pliocene time or at the close of that 
epoch. Crustal movements appear to have been rather general at 
that time and probably the deformation of the thrust planes men- 
tioned above may have occurred then and renewed movements may 
have taken place in the earlier folds and faults. 

(3) The basalts, which overlie the Salt Lake formation and rhyo- 
lites in T. 7 S., R. 32 and 33 E., are normally faulted at several 
places. The rhyolite is also faulted in T. 5 S., R. 35 E. The fault 
scarps may be recognized in several places and are still compara- 
tively fresh, as in the southwest corner of T. 7 S., R. 33 E. These 
faults are probably to be referred to the close of early Pleistocene 
time, for the basalts themselves are probably of post-Pliocene age. 
The faulting may have accompanied the uplift which inaugurated 
the Gibson erosional cycle, because in Bannock Valley the older 
alluvium which represents that cycle passes between the basaltic hills 
along the line that separates the basalts that dip eastward from those 
that dip westward. 

GEOLOGIC HISTORY. 

The earliest rock formation in the Fort Hall Indian Reservation 
is the Brigham quartzite, which according to Walcott is the over- 
lapping shore deposit of Middle and Lower Cambrian time, along 
what is now the Wasatch Range, derived from the Uinta region. 
No fossils were observed in this formation in the reservation, but in 
the Liberty and Blacksmith Fork sections described by Walcott®® 
annelid trails and trilobite tracks were found and in the upper part 
of the formation in the Liberty section characteristic Middle Cam- 
brian fossils were found. The thickness of the deposit, which is 
2,000 feet at the type locality near Brigham, Utah, together with its 

•* Walcott, C. D., Nomenclature of some Cambrian Cordllleran formations : Smithsonian 
"^oU., vol. 53, pp. 9, 199, 1908." 
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locally cross-bedded and conglomeratic character indicate the long 
continuance of shallow- water conditions and the generally slow sub- 
sidence of the region with the advance of the Cambrian Sea. Bar- 
rell^* has pointed out that thick deposits of coarse sediments are 
likely to be of nonmarine origin. Possibly a more detailed study of 
the Brigham quartzite will show that some of it may be of subaerial 
origin. 

After its advance in Brigham time the sea held sway with some 
interruptions over the region of the reservation throughout Paleozoic 
and for part at least of Mesozoic time. The character of the sea, 
the position of the shores, the elevation of the adjacent lands, and 
the conditions of deposition changed from time to time as indicated 
by the changes in the lithology and fauna of the sediments. The 
occurrence of shales and sandstones in parts of the section indicate 
the admixture of relatively large amounts of detrital material from 
the land, due to such causes as elevation or silting up of the sea 
bottom or proximity to the mouths of great rivers. The occurrence 
of limestones, on the other hand, implies clearer seas, such as might 
be found in deeper waters at some distance from shore or in shallow 
water near some base-leveled land, where such materials as were car- 
ried from the land to the sea were largely in a state of solution. 
Changes in conditions of deposition are also accompanied by changes 
in the character of the fauna. Some types, such as pelecypods, usually 
frequent more muddy waters, whereas other types, such as corals, 
live best in clearer seas. 

A notable reversion to shallow-water conditions, which was rather 
widespread, occurred in Ordovician time, when the Swan Peak 
quartzite was laid down. After the deposition of this formation there 
was a 'return to deeper-water conditions and limestones were de- 
posited until the middle of the Pennsylvanian epoch, when sandstones 
and quartzites were again formed over wide areas. The evidence 
relating to Silurian and Devonian time is fragmentary, for the for- 
mations of those periods, though represented in a number of rather 
widely separated areas, are in many places not well developed, and 
their relations to the overlying and underlying rocks are not clear. 
However, in this region they are limestones, and so far as their rela- 
tions with other rocks have been observed they appear to be con- 
formable with the rest of the series. An unconformity between the 
Mississippian and Pennsylvanian has been identified by Blackwel- 
der^® in Weber Canyon, Utah, but this condition does not seem to 
have been general. After the sandstones of the middle Pennsylva- 

* Barrel], Joseph, Some distincUoDS between marine and terrestrial conglomerates ; 
Geol. Soc. America Boll., vol. 20, p. 620, 1909. 

^ Blackwelder, Eliot, New light on the geology of the Wasatch Mountains, Uta* 
GeoL Soc America Bull., vol. 21, p. 680, 1910. 
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nian were deposited limestones were again formed for a time. Then 
came a most remarkable change. 

In the Permian epoch there was more or less crustal disturbance 
throughout the North American continent, which resulted in the 
great Appalachian-Ouachita revolution in the East, and in different 
parts of the West in the interruption of marine deposition. In the 
region of the Fort Hall Indian Reservation and adjacent parts of 
southeastern Idaho, northwestern Wyoming, northeastern Utah, and 
southwestern Montana, there was marine deposition but under dif- 
ferent conditions. The sea in these regions became smaller. A 
special fauna developed and a remarkable series of phosphate beds, 
phosphatic shales, and limestones were formed. 

Although the Woodside shale of the Lower Triassic lies with ap- 
parent conformity upon the Phosphoria formation there is a marked 
lithologic and faunal change that indicates a corresponding differ- 
ence in conditions of deposition and probable unconformity. The 
shales of the Woodside are highly calcareous, and many beds of lime- 
stone are included in the formation, especially near the top. Unlike 
the clear seas that must have prevailed during the deposition of the 
Rex chert member of the Phosphoria, the waters of the Woodside sea 
were to some extent roily, and the fauna was chiefly of pelecypods. 
These conditioi^s lasted with some variations throughout the period 
of deposition of the Woodside and of the lower Thaynes. In the 
time of the middle and the upper Thaynes there was more or less 
alternation of shallower and deeper water together with the deposi- 
tion of shaly and arenaceous beds in alternation with clearer lime- 
stones. The close of the Thaynes epoch was marked by deeper and 
clearer seas and the deposition of the heavy-bedded Portneuf lime- 
stone. 

The change from the Portneuf limestone with its characteristic 
faima to the overlying Timothy sandstone without a recognized 
fauna is well marked lithologically. The unconformity at the base 
of the Timothy in the Montpelier quadrangle indicates that at least 
locally the Thaynes group was subject to erosion and hence had been 
partly exposed before the Timothy was deposited. The change 
in conditions of deposition must also have been fairly marked, and 
it probably included a notable shallowing of the sea. 

The coarse quartzitic debris, which forms the Higham grit, indi- 
cates another marked depositional change. The extent and uniform- 
ity of the grit in regions outside the reservation point to marine 
deposition as the most probable agent in its formation. The land 
probably stood higher with reference to the sea or the grades were 
s* ' ^t coarser material was furnished by the streams to the 

preceding Triassic epochs. This change which appar- 
n unconformity, as indicated by conditions farther 
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east, was rather widespread. The succeeding limestone and red gyp- 
siferous shale appear to indicate deposition in a portion of the sea that 
was more or less cut off from free communication with other portions. 
Evaporation was sufficient to render the waters unfit for marine life 
and to cause the deposition of minor amounts of gypsum but did not 
continue to the point of saturation for chlorides. The succeeding red 
beds of the Nugget sandstone by their color and also by the occur- 
rence of ill-defined markings resembling footprints suggest non- 
marine deposition, but the generally even bedding and the character 
of the cross-bedding, where shown, are not entirely favorable to such 
a supposition. These beds may be in part nonmarine. 

In regions to the east some erosion appears to have intervened be- 
tween the deposition of the Nugget sandstone and the Twin Creek 
limestone. In the Fort Hall Indian Reservation the boundaries of 
the two formations seem to have been largely determined by faulting. 
During the deposition of the Twin Creek limestone normal sea water 
with abundant marine life occupied at least the northeastern part of 
the reservation, and in the large arm of the sea which included this 
area a thick body of calcareous sediment accumulated under condi- 
tions that differed in the earlier and later parts of the epoch but that 
remained quite uniform through much of it, as shown by the peculiar 
shaly character of a large part of the rock. 

The sea persisted through the greater part of Upper Jurassic 
time but was probably excluded by deformative movements at the 
end of the Jurassic. No Cretaceous sediments are present in the 
reservation, but in neighboring regions to the east nonmarine Lower 
Cretaceous (?) beds occur in great thickness and in such coarseness 
as to imply steep grades for streams. 

The land masses from which the Paleozoic and Mesozoic rocks 
were derived lay chiefly to the east and southeast, for the sediments 
appear to become more siliceous and coarser in those directions, but 
the nature and extent of these lands is unknown. . . . 

The next important event recorded by the rocks of the region is the 
great deformation which produced the many folds and overthrust 
faults already described. In the absence of evidence to the contrary 
this event is placed in the interval between the Cretaceous and the 
Eocene, when many gf the great structural features of the West were 
developed. 

The record of Tertiary events in this district is not very complete. 
The reservation must have suffered some of the deformation, vol- 
canism, erosion, and aggradation that were experienced by other 
parts of the western United States during Eocene and Miocene time, 
but if so the features to be assigned to these periods have not bp 
differentiated. The Tertiary deposits represented have been 
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signed tentatively to the Pliocene. Previous to their deposition long- 
continued erosion had reduced the hills to subdued outlines and had 
excavated broad valleys in which by the topographic revival of the 
region the deposits of the Salt Lake formation were laid down. 
Faulting may also have played some part in the formation of the 
basins which received these sediments as suggested by the volcanic 
phenomena noted below. These deposits were so abundant that they 
covered practically all the lower elevations in the reservation and 
even overspread some of the higher hills. They were doubtless in 
large part composed of materials deposited by streams, but some 
of the beds — ^marls and shales — were deposited in bodies of water. 
Volcanic phenomena played an important part during this epoch, 
and much volcanic material in the form of beds of tuff and ash, to- 
gether with intermediate or basic and acidic lava now solidified, is 
included in the deposits. Deformation again occurred in the later 
part of this epoch of aggradation and disturbed the position of the 
deposits. Doubtless, too, it revived to a certain extent the fold and 
fault structures of the older rocks and warped or folded the existing 
thrust planes. Probably about this time also occurred outflows of 
basalt that now cap Pliocene (?) hills in T. 7 S., Rs. 32 and 33 E., 
and form the broad hills of igneous rock in Tps. 3, 4, and 5 S., 
R. 35 E. Possibly, too, the basalt of Blackfoot River, which is 
partly overspread with wash of Pliocene material, may have been 
outpoured at this time. This deformation was probably synchronous 
with the general movements that marked the close of the Pliocene 
elsewhere in the North American continent. 

During the earlier paH of Pleistocene time the older rocks and the 
Salt Lake deposits seem to have been eroded into the late mature 
forms of the present topography associated with the Putnam cycle. 
There are no evidences of Pleistocene glaciation in the region of the 
Fort Hall Indian Reservation. There are, however, numerous great 
boulders of quartzite and limestone that are scattered irregularly 
about over the surface of the Salt Lake deposits that might at 
first sight be attributed to glacial action. These are regarded as 
weathered from the surrounding weaker conglomerate. 

The later Pleistocene epoch was ushered in by changes, which per- 
mitted erosion of the early mature canyons flUd associated topog- 
raphy of the Gibson cycle as described elsewhere (p. 16). In tlie 
vicinity of Mount Putnam the canyons of this erosion cycle are 
cut to depths of about 1,500 feet, but in some of the lower hills the 
canyons are less than 1,000 feet in depth. Along the inner margins 
of the Gibson terrace the top of the terrace is separated from the 
tops of the adjoining benches by steep slopes 75 to 100 feet high. 
The Batter grades developed in the Gibson cycle suggest that the 
rejuvenation activity of that cycle may Y\a\e b^w \u part due to 
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more moist climatic conditions than those of the preceding cycle. 
There was doubtless also some broad upwarping of the region, for 
the normal faulting in the basaltic hills of T. 7 S., Rs. 32 and 33 E., 
appears to have preceded the development of the Gibson terrace in 
Bannock Valley. In the later part of this cycle probably occurred 
the latitic eruption, which covered so large an area in the north- 
western part of the reservation with dark volcanic sand. It seems 
probable, too, that this cycle represents the part of the Pleistocene 
in which elsewhere glaciers were present and in which existed the 
great Pleistocene lakes of the Great Basin. The waters of Lake 
Bonneville, the largest of these lakes, for a time found outlet to 
Snake River by way of the Portneuf . 

The recent or Spring Creek erosion cycle has been relatively short. 
Although broad flood plains have been developed during the cycle 
in the vicinity of Snake River and the lower courses of its larger 
affluents erosion has as yet made little headway in the hard rocks of 
the higher hills. The Snake River flood plain near the junction of 
Snake and Portneuf rivers, in T. 6 S., R. 32 E., stands about 75 feet 
below the Gibson terrace, but in the northwest comer of T. 4 S., 
R. 34 E., it is only 15 feet lower. In the valley of Ross Fork Creek 
and Bannock Creek the difference in elevation dies out upstream. 
Thus the grades of the flood plains developed in the Spring Creek 
cycle are steeper than those established in the Gibson cycle and cut 
across them at a faint angle. The cause of this difference in grade 
between the two sets of flood plains may be due in some measure to 
the introduction of a more arid climate than that of the Gibson 
cycle, for, if other conditions remain the same, rivers tend to develop 
steeper grades during a period of arid climate than during a period 
of moist climate. The introduction of the Spring Creek cycle may 
thus have been due partly to climatic and partly to deformational in- 
fluences, but the relative proportion assignable to each influence has 
not been determined. 

DESCRIPTIONS OF TOWNSHIPS. 

As the examination of the Fort Hall Indian Reservation was made 
primarily for the purpose of studying the character and extent of its * 
phosphate deposits, a more detailed description is given of those 
townships that are believed or known to contain phosphate. These 
townships are all in the eastern mountainous region. 

T. 3 S., B. 36 E. 

TRANSPORTATION FACILITIES. 

The Butte and Yellowstone branch of the Oregon Short Line P 
road runs through T. »3 S., R. 35 E., at a distance of 3 to 6 miles 
of T. 3 S., R. 36 E. The city of Blackfoot is 3 miles from the i 
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* 

west comer of the township. The site of the second old Fort Hall is 
near the center of sec. 24. From this point wagon roads run northwest 
to Blackfoot, southwest to Fort IlalL and southeast to Soda Springs. 

OEOIXXJT. 

The main geologic features of tlie township are shown on the gen- 
eral map of the reservation (PL III). In the northeast comer of 
the township small areas of Nugget sandstone and Twin Creek lime- 
stone appear from beneath the Tertiary and Quaternary cover. No 
other formations of the older rocks are known to outcrop in this 
township, but in sec. 30, T. 3 S., R. 37 E., the Portneuf limestone of 
the Thaynes group occurs within a few hundred feet of the township 
line. These beds appear to strike southwest and doubtless enter the 
southeast comer of this township underneath the cover of later 
sediments. 

The Tertiary and Quaternary deposits include a group of sedi- 
ments with associated beds of volcanic debris, probably of Pliocene 
age (Salt Lake formation), with perhaps some reworked material ot 
Quaternary age. They probably cover most of the township but are 
overlain in large part by a cloak of dark volcanic sand. Alluvial 
deposits of Quaternary age occupy the valley of Lincoln Creek, in 
which the site of old Fort Hall, now a farm, is located. 

The igneous rocks include augite-quartz latite, near rhyolite in 
composition and not differentiated from it on the map, and basalt. 
The relations of the igneous rocks to each other have not been care- 
fully worked out, but it seems probable that there have been sev- 
eral alternate outpourings of acidic and basic volcanic rocks in this 
township and that the latest of them were acidic, the site of the erup- 
tion being probably the little symmetrical cone- in the NW. J sec. 30 
(PL IV, B). This cone is composed of dark, partly devitrified glass, 
that seems to*grade near by into augite-quartz latite. It has no 
crater but is composed of sheets of lava with outward quaquaversal 
dip. The texture of the rock in the cone is different from that in the 
neighboring flat-lying sheets. In the cone the rock has a granular, 
spheroidal texture, the individual granules being about one-eighth 
inch in diameter, together with irregular cavities an inch or more in 
diameter and balls of similar dimensions that have radial structure. 
These features suggest that this was a center of eruption of viscous 
lava. The dark volcanic sand that overspreads a large part of this 
township and parts of adjacent townships is composed largely of 
material similar to that which constitutes this cone. It may havelj^en 
the product of an explosion preceding the upwelling^of the lava that 
now forms the cone. Plate IV, A, shows the latitic hills, with the 
little cone, and Plate IV, B^ gives a nearer view of the cone. 
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PHOSPHATE DEPOSITS. 

Athough there is no known outcrop of the Phosphoria and asso- 
ciated formations within this township, it may be postulated from 
conditions in sees. 30 and 31, T. 3 S., E. 37 E., and sec. 2, T. 4 S., R. 
36 E., that the phosphate shales enter this township beneath cover 
about 500 feet south of- the northeast comer of sec. 36, trend in a 
convex curve toward the northwest, and leave the township in the 
vicinity of the southwest corner of sec. 36. The dip in the NW. J 
NW. i sec. 29, T. 3 S., R. 37 E., is 50° SE., and in the SW. i SE. J 
sec. 31, T. 3 S., R. 37 E., the dip is 25^ 

On the basis of this postulated structure there would be a belt 
about 5,500 feet wide in sees. 25, 26, 35, and 36 that would contain 
phosphate deposits within a probable depth of 5,000 feet. In view, 
however, of the complicated structure, especially faulting in the ad- 
joining townships, and the ejctent of cover, it is not safe to assume 
the actual presence of the phosphate, and hence no estimate of the 
character and tonnage of the rock is attempted. 

OTHER MINERAL DEPOSITS. 

No mineral deposits of value have been recognized in the township. 
In the NE. i SW. i sec. 20 a buff fine-grained tuff has been opened, 
perhaps in a search for building material. It is, however, too soft 
to be of use for this purpose. In a locality near by the rhyolite has 
been opened, probably also in search of building material. 

SOILS. 

The alluvial deposits in Lincoln Creek can be irrigated and are 
partly cultivated in farms. The soils from the Tertiary and Quater- 
nary formations, which occupy considerably dissected sloping benches, 
are in part available for dry farms. The sand-covered area has a 
soil too loose and incoherent for agriculture, but it may be utilize.^ 
in grazing. 

T. 4 S., B. 36 E. 
TRANSPORTATION FACILITIES. 

The Butte and Yellowstone branch of the Oregon Short Line Rail- 
road runs 6 or 7 miles west of T. 4 S., R. 36 E. Fort Hall and Black- 
foot are about equidistant from the center of the township, and there 
are well-traveled roads to each place. The road to Blackfoot is 
heavy because of the coarse and deep sand. A road to the Blackfoot 
Dam, Soda Springs, and other places, passes east along Ross Fork 
Creek in the southwest part of the township. 
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GBOLOOY. 
8TKATIOKAPET. 

The sedimentary rocks of the township range in age from Cam- 
brian to Quaternary. The geologic features of this township are 
shown on the general map of the reservation (PL III). The oldest 
rocks recognized are cherty limestones of Cambrian and Ordovician 
age. They lie along the west flanks of the hills in the eastern part 
of the township and constitute much of the big hill in sec. 23 and 
vicinity. The east ridge which extends through sees. 24 and 13 is 
composed in part at least of rocks of these ages, but some of it may 
be Silurian or Devonian. The rocks of this ridge are sparingly fos- 
siliferous and much broken, and it was not practicable to map the 
formations involved. The Swan Peak quartzite forms the crest of 
the ridge in sees. 26 and 35 and occurs in small detached areas else- 
where, mainly with synclinal structure. The Fish Haven dolomite 
overlies the Swan Peak quartzite along the east side of the ridge 
mentioned above and is probably the limestone that accompanies the 
quartzite on the west in sec. 14. 

Fossils regarded by Edwin Kirk as probably of Devonian age, 
though possibly Madison, were found in the SW. J NE. J sec. 12. 
On the basis of these fossils the hills north of the main valley in 
the SE. i sec. 12 are tentatively mapped as Devonian. Dark lime- 
stone much shattered and veined, along the east side of the ridge in 
sec. 13, may also prove to be Devonian but have not yet been recog- 
nized as such. 

The high hill in the NW. i sec. 18, T. 4 S., R. 37 E., about half a 
mile east of the township, carries Madison fossils, whereas the hill 
in the NW. J sec. 6 of that township carries fossils of upper Mis- 
sissippian (Brazer) age. The boundaries of these two formations 
have not been determined. At two localities in sec. 11 Carbonifer- 
ous fossils of the Wells (Pennsylvanian) and upper Mississip- 
pian (?), respectively, have been found, but here again it has not 
been practicable to differentiate the formations. In the NE. J NE. J 
sec. 25 Wells limestone lies against Ordovician limestone, probably 
owing to faulting. 

The Ross Fork limestone of the Thaynes group, without interven- 
ing lower formations, lies in close proximity to Ordovician lime- 
stones in the NW. J sec. 23 and the SW. J sec. 24. It outcrops also 
in the NW. i sec. 2. 

The Tertiary and Quaternary sediments form a cover that con- 
ceals much of the stratigraphy and structure of the township. The 
•^ deposits occupy the broad flat in the valley of Ross Fork 
e southwestern part of the township. 
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Igneous rocks, both rhyolites and basalts, occur in some places 
in the township. The rhyolites occupy the northern and north-cen- 
tral part, but basalts in small exposures are more widespread 
throughout the western part of the township. A belt of acidic glass 
accompanies the rhyolite in sec. 3 and beds of light-colored volcanic 
ash are interbedded with the rhyolites and Salt Lake beds in sees. 
10 and 11 (PL XI, A), The so-called rhyolites are not true rhyolites, 
but rather are augite-quartz latite, very near rhyolites in composi- 
tion and not differentiated in the mapping. The basalt contains 
olivine. The relations of the igneous rocks to each other have not 
been definitely worked out. It seems probable, however, that there 
have been several epochs of volcanic activity accompanied by alter- 
nating eruptions of acidic and basic rocks. The latest eruptive 
rocks appear to have been acidic and to have produced the dark vol- 
canic sand that overlies the northwest corner of the township and 
is discussed in the description of T. 3 S., R. 36 E. 

STRTTCTUBE. 

The geologic structure of the township is complex and involves 
both folding and faulting, but the influence of faulting is predomi- 
nant. The general structural features of the township are shown 
in the geologic section (B-B', PI. III). 

folds. — So far as the evidence has been interpreted the structure 
is marked by many relatively small folds rather than by fewer 
large ones. The two main ridges from sec. 23 southward and from 
sec. 24 northward are synclinal and anticlinal respectively, but in 
the eastern ridge particularly the rocks are much brecciated and 
seamed with calcite. 

Faults. — ^The most pronounced structural features are two faults, 
which, though largely concealed, leave no doubt as to their reality 
and produce noteworthy structural discordance. These faults are 
discussed on page 63. (See structure section B-B', PL III.) 

The shattered condition of the rocks along the east side of the 
crest of the ridge in sec. 13 is the basis of the fault there shown. 
The rocks are comminuted and veined in a remarkable manner, but 
the rocks concerned are all of the earlier Paleozoic series, so that the 
IK>stulated fault did not produce any great displacement. It is 
regarded as a branch of the great fault that enters the northeast 
corner of sec. 13 and that separates the older Paleozoic rocks from 
the Carboniferous and later rocks on the east. The small faults in 
the SE. J sec. 12 represent similar shatter zones. 

In the northeast corner of sec. 25 the lower part of the Wells 
formation lies against the older Paleozoic rocks. The Tertiary cover 
conceals all but a small area of this formation in this part of 
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township. The nearest ledges southwest of the overthrust fault 
lie nearly a mile to the northwest, and these expose the Boss Fork 
limestone. The rocks are thrown into several small folds, but the 
trend of the axes is roughly parallel to the course of the fault, and 
if continued would be likely to bring these Triassic beds into prox- 
imity with the Well& The branch fault in sec. 25 is drawn to indi- 
cate such a possibility. 

In sec. 14 a transverse normal fault cuts the overthrust and pro- 
duces an offset in the quartzite and underlying limestone. A small 
rhyolite dike occurs along this line in the SW. i sec. 14, and farther 
northwest a large flow of rhyolite comes in along the same general 
course. The downthrow here is probably to the northeast, because 
the limestones in that direction appear to represent higher forma- 
tions than the Swan Peak quartzite, which on the southwest of the 
fault is caught here and there in little synclines. 

Covered area, — ^Nothing can be stated with certainty regarding 
the structure of the covered area, but two suggestions may be made. 
The presence of the Cambrian and Ordovician area on the east side 
of sec. 21 and of the hill of Swan Peak quartzite in the northeast 
corner of sec. 20 suggests the continuance of the overthrust fa^ilt 
from sec. 22 beneath the cover westerly or northwesterly perhaps 
as far as the township line. It seems probable that to the south 
of such a line the imderlying rocks are of the older Paleozoic 
series. 

To the north of that line it seems probable that the imderlying 
rocks are of Triassic age, though perhaps some may be of Permian 
or older Carboniferous age, because of the occurrence here and 
there of Triassic float, probably weathered from Tertiary conglom- 
erates but not much rounded, and of phosphate float apparently 
from similar sources. In the northwestern part of the township the 
sand and igneous rocks so effectually conceal the sediments beneath 
that there is no clue to the underlying structure. 

PHOSPHATE DEPOSITS. 

The occurrence of abundant Triassic float and of some phosphatic 
float in the covered areas, together with actual ledges of Triassic 
limestones of the Thaynes group, all make it very possible that some 
of the northern and eastern portions of the township are underlain 
by phosphate deposits. The sections and analyses of the phosphate 
beds in Tps. 4 and 6 S., E. 37 E., make it probable that the phosphate 
would be of high grade and in beds of workable thickness. The 
presence of great faults and of extensive cover makes hazardous, 
however, any attempt to estimate the areas underlain by these de- 
posits or to estimate their tonnage. 
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OTHER MINERAL DEPOSITS. 

In sec^. 10 and 11 are extensive beds of white volcanic ash (PI. 
XI, A) which consists largely of fragments of glass with some feld- 
spar that have a maximum diameter of about 0.1 millimeter but are 
mostly fine enough to pass through a 100-mesh screen. This mate- 
rial might be suitable for some scouring preparations. No other 
mineral deposits of value were recognized. 

SOILS. 

The volcanic sand in the northwestern part of the township is too 
coarse and incoherent for agriculture. The Tertiary slopes could 
be used for grazing or dry farming. The alluvium in Boss Fork 
Valley can be irrigated and is partly utilized in farms. 

T. 3 S., B. 37 £. 

TRANSPORTATION FACILITIES. 

The city of Blackfoot, on the Oregon Short Line Bailroad, is 
about 9 miles almost due west from the northwest corner of T. 3 S., 
R. 37 E. The distance by road is 4 or 5 miles longer. Two roads, 
high level and low level, respectively, pass up the valleys of Cold 
Creek and Lincoln Creek. The eastern i;wo-thirds of the township 
is hilly, and the valleys trend northwest. Bold ridges between the 
valleys impede travel across coimtry to the northeast. 

GEOLOGY. 
8TRATZOBAPKT. 

The stratigraphic succession in this township ranges from Penn- 
sylvanian to Quaternary, but the highest of the well-consolidated 
sediments is the Twin Creek limestone. 

Only a sinall area of Carboniferous rocks is known to be present 
in the township, and their position is somewhat doubtful. They 
are tentatively considered Pennsylvanian. The Phosphoria forma- 
tion, if present, is concealed beneath the Tertiary rocks of the valley 
of Lincoln Creek. 

The Woodside shale is exposed in two areas in sees. 34 and 35. 

The Thaynes group is represented in two belts in the southern 
and northeastern parts of the township, respectively. Both belts 
are more or less broken by faults. In the northeast belt only the 
Portneuf limestone is represented. There are several small areas 
bounded by faulte in sees. 15 16, and 24. 
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The Timothy sandstone also occurs in two general belts which ac- 
company the Thaynes and is likewise broken by faults. In sec 10 
the Timothy is brought in by small broken folds. 

The Nugget sandstone occupies much of the northern half of the 
township, where it forms big rounded hills. The Higham grit is a 
conspicuous topographic feature both in Higham Peak and in the 
XE. J sec. 3. The Deadman limestone and Wood shale are also well 
represented. 

The Twin Creek limestone is confined to the northeast comer of 
the township, to scattered areas in the northwest, and to an area 
apparently bounded by faults in sees. 14, 15, 22, and 23. 

The Tertiary deposits underlie the sloping benches in the west and 
south and also lie in patches on some of the higher hills. Some of 
these patches are indicated, but their boundaries were not carefully 
ascertained. 

A small area of alluvium in the valley of Lincoln Creek enters the 
township from the west. 

Igneous rocks, chiefly of the rhyolite group, occupy parts of the 
northeast and northwest comers of the township and form small 
patches elsewhere. Two dikes of approximately andesitic composi- 
tion occur in sec. 22. 

STBTTOTV&E. 

Nearly a third of the township in the western and southwestern 
parts is covered with late -sedimentary rocks and solidified lavas. 
The remainder of the township is marked by a great complexity of 
structure in which faulting plays the predominant part, although 
complex folding has also occurred. The structural relations postu- 
lated are shown in structure sections A-B, C-D, E-F, and G-H 
(PI. V). 

Folds, — The chief structural feature of the phosphate deposits is 
a portion of the great anticline that occupies so much of T. 4 S., 
E. 37 E. The Thaynes group swings in a Ic :g curve from sec. 36 
to sec. 30 but is mc»re or less broken by faults, especially in the south- 
east corner of the township. A series of more or less broken folds 
which trends northwestward and is mostly inclined or overturned 
toward the northeast occupies the remainder of the township. 

Faults. — Both normal and reverse faults are present, but it is 
thought that the reverse faults have had the larger influence in the 
distribution of the rocks. The normal faults are chiefly associated 
with the northeastern end of the great anticline mentioned above, 
where they have produced many offsets, particularly in the Thaynes 
group. Some of these faults are illustrated in structure section 
E-F (PI. V). Other normal faults offset the main structures else- 
where in the township, as in sees. 2 and 3. The other faults may 
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conveniently be described in connection with the structure sections 
that illustrate them. 

In structure section A-B (PL V) the faults are all interpreted as 
reverse. In sec. 10 the Nugget sandstone, together with the underly- 
ing Wood shale, Deadman limestone, Higham grit, and Timothy 
sandstone, are thrown into a series of small folds that are broken 
by faults. The yellow sandstone in the NE. ^ sec. 10 is assigned to 
the Timothy on lithologic groimds, and therefore faults must sepa- 
rate it from the Nugget on either hand. There is some doubt as to 
the structure of the Twin Creek limestone in sec. 1 because of insuf- 
ficient knowledge of the stratigraphy of that formation. The struc- 
ture is, however, provisionally interpreted as synclinorial and as in- 
clined northeastward. Along the northeast limb of the synclinorium, 
in the very northeast comer of the township, thin platy sandstones 
like those of the lower portions of the Nugget sandstone emerge from 
beneath the lava and lie above massive beds of Twin Creek lime- 
stone that are believed to represent the upper part of the fomnation. 
If these assignments are correct, a fault must lie between the two 
formations, and the Nugget here appears to be thrust south westward 
over the Twin Creek. 

In structure section C-D (PI. V) the faults are interpreted as 
reverse. North of the center of sec. 22 the Timothy sandstone be- 
comes abnormally narrow. Between it and the Higham grit belt a 
narrow zone on the hillside is strewn with fragments of andesite, 
although no ledge of this rock appears. The andesite here is doubt- 
less weathered from a small concealed dike that comes in along the 
contact of the two formations and probably marks the trace of a 
minor fault, as indicated. Near the north line of sec. 22 the Nugget 
sandstone comes in contact with thin-bedded shalv Twin Creek lime- 
stone. These beds are probably not the basal beds of the formation, 
for in sec. 1 similar beds are underlain by perhaps 800 feet of yellow 
calcareous sandstones with associated beds of gray limestones, some 
of which are crowded with oyster shells. In sec. 22 and in the NW. J 
sec. 23 these thin-bedded, shaly limestones have been metamorphosed 
and in sec. 22 there is also a small andesite dike. These facts indi- 
cate that the contact between the Nugget sandstone and the Twin 
Creek limestone is a fault and the direction of thrusting is believed 
to be toward the south. 

Immediately north of the fault just mentioned a small rocky point 
in the valley has ledges of massive gray limestone that carry fossils 
which have been identified by G. H. Girty as indicative of the Port- 
neuf limestone. Faunally and lithologically these beds are different 
from those either south or north. They are interpreted as being 
pushed up between thrust faults and wedged between two areas of 
Twin Creek limestone, for the ledges in the rocky point to the east 
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carry an abundance of oyster shells. These ^*oyster beds" are re- 
peated on the north side of the main valley in a series of low points 
along the valley side but have a somewhat different strike and dip. 
The discordant relations of the oyster beds appear to be due to 
faulting rather than to folding, and the fault is interpreted as reverse 
because of its relations to the Twin Creek area as a whole. An 
alternative view is offered in paragraph 1, below. 

The contact of the Twin Creek limestone with the Nugget sand- 
stone on the north is also regarded as a reverse fault because of the 
lack of accord in dip in neighboring outcrops of the two formations 
and because the Twin Creek bears no other evidence of unconform- 
able relations with the Nugget. The structure of the areas of Twin 
Creek limestone is not clear. At least four interpretations may be 
offered : 

1. The area may represent a relatively open and asymmetric syn- 
cline along the base of which movement sufficient to cut out some 
of the beds along the contact has taken place. If this interpretation 
is correct, the fault between the oyster beds might be normal. The 
interpolated Portneuf limestone and the relatively intense com- 
pression that seems to mark the region as a whole are imf avorable to 
this view. 

2. The area may be in general a syncline that is overturned 
northeastward. This is in accord with the prevalent structure of 
the region but disagrees with the arrangement of the broken minor 
folds involved. 

3. The syncline may be inclined southwestward. This interpreta- 
tion is in accord with the arrangement of the minor folds in both 
the Twin Creek limestone and the adjacent Nugget on the south- 
west but disagrees with the inclination of the folds in the Thaynes 
farther southwest. 

4. The Twin Creek and adjacent Nugget beds to the southwest 
may be part of a broken fan-shaped synclinorium that is bounded 
on the north by the Nugget overthrust toward the southwest and on 
the south by the Thaynes anticline, which is overthrust toward the 
northeast. This view is favored by the arrangement of minor folds 
and is in accord with the interpretation suggested for the Twin 
Creek area that is cut by the section A-B (PL V). It is represented 
in the section (>-D (PI. V). 

In the structure section G-H (PL V) the first fault encountered 
is normal and offsets formations of the Thaynes. It is possible that 
the convergence of the two faults shown immediately to the west 
may influence the zone traversed by the section, but there is no evi- 
dence of such influence. In sec. 25 the Portneuf limestone is faulted 
against the. Nugget sandstone, and this in turn against the Higham 
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grit by faults interpreted as thrusts toward the northeast. In the 
NE. J sec. 25 a broad undulating syncline of Higham grit with 
Deadman limestone and Wood shale is cut off on the northwest by 
a fault that appears to be the continuation of one of the normal 
faults to the southwest. This fault is also shown in the structure 
section E-F (PI. V). 

In sec. 24 there are two areas of Portneuf limestone which are 
bounded by faults and apparently surrounded by Nugget sandstone. 
The relations of these limestone areas to the Nugget are not clear. 
The limestone is traversed by several small, relatively open folds. 
Though the western terminations of these areas are uncertain be- 
cause of cover of float and soil from the Nugget the eastern termina- 
tions are clearly defined by exposures of the Nugget sandstone. At 
least two interpretations of their structure may be suggested. (1) 
These areas may represent parts of a once larger overthrust block 
that elsewhere has been eroded away, unless the small area of Port- 
neuf limestone in sees. 15 and 22 is so considered. Though a great 
overthrust has occurred in the older Paleozoic rocks to the south and 
southwest and though the Triassic rocks in this and adjoining town- 
ships have been greatly disturbed, no thrust capable of producing 
the lateral displacement that would be required to place the postu- 
lated block in its present position has been observed elsewhere in the 
area occupied by the post-Paleozoic rocks. (2) These areas may 
represent subordinate anticlinal areas thrust upward into the Nugget 
synclinorium. A similar structure seems to have occurred in connec- 
tion with the Higham grit in the townships to the east and southeast 
and might be expected in the present locality. This interpretation 
is provisionally shown in the structure-section sheet (PI. V) as more 
in accord with the structural habit of the region. 

In sec. 13 a belt of Higham grit is indicated, though much of its 
course in this section is concealed by soil, because of the occurrence 
of Higham grit in the southeast corner of the section and again 
in the NW. i NW. J. It is assumed that the structural relations ob- 
served in connection with this belt to the southeast continue into this 
township. 

The other structural features shown in the section are continuations 
of those in the townships to the east and southeast. 

Covered area. — Carboniferous rocks, probably of the Wells forma- 
tion, enter sec. 31. Northward the stratigraphic succession, as indi- 
cated by the limestone ridge in sees. 30, 29, and 20 and by local ex- 
posures still farther north, appears to be the same as that already 
described. In sees. 4, 9, 16, and 15 the large rounded hills are more 
or less soil covered, but there are many exposures of the Nugget 
sandstone. There has doubtless been both folding and faulting, 
15ai45'— 20 6 
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but not enough is known of these features to warrant any attempt at 
interpretation. 

PHOSPHATE DEPOSITS. 

Where the strata lie horizontal the depth of the phosphate bed be- 
low the base of the Timothy sandstone, according to the thicknesses 
assigned to the intervening formations, would be approximately 
5,000 feet. 

The Thaynes group enters sec. Z6 and sweeps across the township 
in a flat curve, the last exposure being in sec. 30. On account of the 
complexities of structure shown in structure sections C-D and G-H 
(PI. V), it seems probable that in some places steep dips within the 
Thaynes area would carry the phosphate bed below the depth of 
6,000 feet, and in other places thrust faults would perhaps cut the 
bed out. For these reasons the boundary of the area estimated to 
contain phosphate at depths less than 5,000 feet is assumed to lie 
about half a mile southwest and south from the contact of the Port- 
neuf limestone and the Timothy sandstone. 

In sees. 24, 15, and 16 the Thaynes areas are so small and the struc- 
ture so doubtful as not to warrant any estimate of their phosphate 
content. 

From sec. 12 northwestward a band of Portneuf limestone occurs, 
but here again the structure as shown in structure section A-B (PL 
V) is complex. Whatever phosphate deposits may be present 
are near the depth limit and occupy a relatively narrow band, the 
position of which can not be accurately determined from present 
data. 

It is estimated that 4,520 acres in this township, practically all of 
which are in the basin of Lincoln Creek, are underlain by phosphate 
deposits at depths less than 5,000 feet. 

In the NW. i NE. J sec. 11, T. 4 S., R. 37 E., the phosphate bed is 
76 inches thick and shows an average content of 33.73 per cent of phos- 
phorus pentoxide (PgOg), equivalent to 73.75 per cent tricalcium 
phosphate ( Csl^ ( PO4 ) 2 ) . ( See p. 86. ) 

In the NE. i NE. i sec. 13, T. 5 S., R. 37 E., a simUarly rich bed 
measures 66 inches in thickness, and in the NE. J SE. J sec. 36, T. 
5 S., R. 38 E., the bed is 73 inches thick and of a similar high quality. 
(Seep. 103.) 

For this township it seems fair to assume a phosphate bed 6 feet 
thick that averages 70 per cent tricalcium phosphate. If the weight 
of 1 cubic foot of high-grade phosphate rock is taken as 180 pounds, 
4,520 acres underlain by a 6- foot bed would yield in round numbers 
94,925,800 long tons of high-grade phosphate rock. This estimate 
is on the assumption that the rocks are horizontal. They are,' how- 
ever, inclined at different angles, and the total amount is probably 
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greater. This excess may perhaps be counterbalanced by loss due 
to faulting or shearing of the beds in the process of their dislocation. 

UTILIZATION OF THE LAND. 

The township as a whole is best adapted to grazing. The lower 

benches near Lincoln Creek and northward could probably be dry 

farmed. 

T. 4 S., B. 37 E. 

TRANSPORTATION FACILITIES. 

The Butte and Yellowstone branch of the Oregon Short Line Rail- 
road runs about 12 miles west of T. 4 S., R. 37 E. A road from 
sec. 3 leads northwestward 12 miles to Blackfoot and from sec. 32 
a road leads southwestward and westward along Ross Fork Creek 
to Fort Hall, a distance of 15 miles or more. Both roads have easy 
grades, but the Blackfoot road traverses deep sand as it approaches 
Blackfoot River. The main road eastward along Ross Fork Creek 
enters the township in sec. 34. It crosses the divide in sec. 35 and 
descends to the Portneuf Valley. 

GEOLOGY. 
STBATIGBAPHT. 

The rocKs of the township are chiefly sedimentary, and range in age 
from Cambrian to Quaternary. A detailed geologic map of the town- 
ship with structure sections is shown in Plate VI. A single dike of 
rhyolite, indicated by small patches and groups of boulders, lies near 
the western edge of the township in sees. 30 and 19. 

The Cambrian and Ordovician rocks are confined to the rough 
wooded ridge along the west border and occupy only a small area 
in this township. They are dark limestones much shattered and 
veined. Silurian and Devonian rocks have not been recognized in this 
township, though fossils of doubtful Threeforks age were found in 
sec. 12, T. 4 S., R. 36 E. 

Carboniferous rocks apparently underlie more than half of the 
township, though much of their area is concealed by Tertiary and 
Quaternary deposits. The Wells formation (Pennsylvanian) consti- 
tutes most of this area, although along its eastern border the Phos- 
phoria formation (Permian) forms an important band, and in the 
northwestern part of the township both the Brazer and Madison 
limestones are found. The boundary between the last two formations 
has not been determined. 

The Phosphoria formation is well developed. The phosphatic shale 
member is about 150 feet thick but forms a relatively broad band 
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because of its low dip. Its course is easily traced much of the way 
by float of high-grade phosphate. The Rex chert member is chiefly 
represented by the flinty shale facies, though locally there are ledges 
of massive chert, as in the NE. J SE. J sec. 11. An interesting and 
new f acies of the Rex that is lithologically similar to the overlying 
Woodside was discovered in the SW. J NW. J sec. 2 and has been 
described elsewhere (p. 41). The thickness of th,e Rex, as estimated 
from its dip and relations to other members of the section, is about 
350 feet. 

The Woodside shale is largely faulted out in sees. 23 and 14, and the 
Rex chert there lies against the Ross Fork limestone of the Thaynes 
group. Elsewhere the Woodside shale appears to occupy its normal 
position in the section, but its upper boundary is somewhat uncertain 
because of the difficulty in finding the Meekoceras zone. This zone 
has been located, however, in a number of places. The Woodside 
shale has a thickness of about 900 feet in the SE. \ sec. 2, where a sec- 
tion was measured northeastward up the hill and both boundaries 
were fairly distinct. 

Only the two lower formations of the Thaynes group are repre- 
sented in this township— the Ross Fork limestone, 1,300 feet thick, 
and the Fort Hall formation, 800 feet or more thick. 

The Tertiary rocks form a blanket that covers large areas in this 
township. In the SW. \ sec. 31 there is a conglomerate that is com- 
posed chiefly of Triassic materials in a white ^calcareous matrix which 
has been differentiated and tentatively correlated with the Salt Lake 
formation. Doubtless much of the Tertiary area would be found to 
consist of similar materials if it was exposed. In the NE. \ SE. \ sec. 
21 the conglomerate is deep red and in appearance resembles the 
Eocene conglomerates of the Montpelier quadrangle farther south- 
east. Like the similar conglomerate in sec. 1, T. 6 S., R. 36 E., it 
has nothing to support the suggested correlation except its color 
and the fact that it contains a larger proportion of pre-Triassic 
rocks than the other conglomerates that are exposed. 

Quaternary deposits occupy relatively small areas along some of 
the streams. 

BTR170TTIBE. 

The structure of the township is complex and involves folding 
and faulting of both the normal and reverse types. Nearly one- 
fifth of the township is concealed by deposits of probably late 
Tertiary and Quaternary age. 

Folds, — The main structural feature of the area is a large anti- 
cline that pitches gently northeast and is broken by faulting along 
its southeast border and in the axial region toward the northeast. 
The north and northwest borders are concealed. The core of this 
anticline is composed of Carboniferous limestones, chiefly of the 
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Wells formation, which show minor folds and faults, the details of 
which have not been worked out. The succession of formations and 
the structural relations at the tip of the anticline are illustrated in 
structure section E-F (PL VI). The main structural feature of the 
eastern part of the township, including sec. 13 and the sections to 
the south, is probably an anticline that has been faulted around the 
western tip and broken by a lateral fault. The rocks of this portion 
of the region are Triassic (Woodside and Ross Fork limestone). 
The boundaries of these two formations have been drawn on the basis 
of the strikes of the observed exposures and the few discoveries of 
the Meekoceras zone. 

Faults. — Along the west border in sec. 19 ancient Paleozoic rocks 
of Cambrian and Ordovician (?) age lie against Carboniferous lime- 
stones (Wells to Madison). The ancient limestones are much shat- 
tered and veined with calcite, and along the contact zone are linear , 
patches and boulders of rhyolite. In sec. 18 the Madison limestone 
lies against the Wells formation in apparent fault relation. This 
fault is interpreted as a branch of the main fault between the older 
and the later rocks. I 

In the NW. i sec. 30 the lower limestones of the WeUs formation i 

lap around the Cambrian and Ordovician limestones at the south 
extremity of the rough west border ridge. The contact region where 
visited was concealed, but the fault interpretation is here preferred 
because of the highly brecciated condition of the older limestone 
series. 

In sees. 31 and 32 there is a pronounced gap between limestone 
hills that may be in part of structural origin. It is in line with the 
main fault zone noted above, and it seems likely that a branch of this 
great fault may pass through the gap, as suggested in the description 
of T. 5 S., R. 37 E. (p. 90) . The beds in the east hill rise stratigraph- 
ically to the west, whereas those in the west hill, which dip both east- 
erly and, westerly, are upper Mississippian or perhaps older Wells. 
There is scant room, unless a sharp anticlinal fold be assumed to 
that underlie the ascending series on the east. A fault is tentatively 
pass through the west hill, for these limestones to connect with those 
placed here in the structure section A-B (PL VI). 

In sec. 33 a fault enters the township from the south along the east 
flank of the big limestone hill. Though its trace is concealed, the 
fault appears to be required by the proximity to the lower Wells of 
the Phosphoria formation, concealed here but partly exposed in 
the SE. i sec. 4, T. 5 S., R. 37 E. The supposed structural relations 
are shown in structure section A-B (PI. VI). 

In sec. 36 faults enter from adjacent townships. These faults are 
briefly discussed in the descriptions of T. 6 S., Rs. 37 and 38 E. 
(pp. 90, 102). 
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In sec. 25 a fault appears to offset the Woodside shale and the Koss 
Fork limestone. It is possible that this fault may continue through 
sec. 27 and account for the relations of the Phosphoria formation and 
the Ross Fork limestone on opposite sides, respectively, of the broad 
valley in sec. 27. An alternative interpretation of this last feature 
is that the apparent termination of the Phosphoria may be due to 
the presence of a cross anticlinal axis, which causes the formation to 
turn back beneath cover toward the SE. J sec. 21, where beds of the 
Phosphoria are exposed. In support of this view it may be noted 
further that phosphate float appears abundantly in connection with 
two exposures of weathered Tertiary (?) conglomerate, which may 
overlie parts of the Phosphoria formation in the NE. i SE. J sec. 21. 
The Phosphoria beds in the SE. J SE. J sec. 21, however, appear 
more like an isolated area, as if caught in a small syncline. 

In sees. 23 and 14 the Ross Fork limestone abuts against the Rex 
chert in what appears to be a thrust fault. In sees. 22 and 15 heavy- 
bedded limestones of the Wells formation strike almost at right 
angles to the course of the phosphate shales, as determined by the 
distribution of phosphate float along the hillsides. Here, again, a 
thrust fault is postulated. The supposed relations of both these 
faults are shown in structure section O-D (PI. Vl). 

In the northeast comer of the township, in the marginal region of 
the great anticline of Carboniferous limestones, the overlying for- 
mations are cracked into numerous blocks by faults that are inter- 
preted as normal and that produce offsets. These faults receive topo- 
graphic expression in deep subparallel valleys and notches between 
the high points and linear hills that are so conspicuous here and in 
the immediately adjacent region on the north. The structural rela- 
tions here suggested are illustrated in structure section G--H (PL 
VI). It is possible that the easternmost fault represented in sec. 12 
may be reverse and perhaps connected with the fault shown in 
sec. 14. 

In the NE. J NE. J sec. 11 the zone occupied by the Phosphoria 
formation is concealed by a grassy slope, which is imderlain with 
float of Rex and Woodside, together with much calcareous materinL 
and the whole block appears to be offset toward the east. 

PHOSPHATE DEPOSITS. 

It is estimated that an area equivalent to 9,760 acres in the eastern 
part of the township is underlain by phosphate deposits at a depth 
of less than 5,000 feet. 

At station M 816, NW. l NE. ^ sec. 11, a section of the phosphate 
bed was made and samples were collected showing 76 inches of rock 
phosphate without notable partings and averaging 33.73 per cent 
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PjOb, equivalent to 73.76 per cent tricalcium phosphate. (See p. 82.) 
In the NE. i NE. i sec. 13, T. 5 S., R. 37 E., and in the NE. i SE. i 
sec. 36, T. 6 S., R. 38 E., similarly high-grade beds were found to be 
66 and 73 inches thick, respectively. (See pp. 91, 103.) The assump- 
tion of a 6- foot .bed of high-grade rock for this township seems fair. 
The weight of such rock is assumed to be 180 pounds to the cubic foot, 
as in previous estimates. On this basis 9,760 acres underlain by a 6- 
foot bed would yield approximately 204,977,800 long tons of phos- 
phate rock if the beds were horizontal. As the beds are not hori- 
zontal this estimate is too small. On the other hand, the folding and 
faulting of the beds may have occasioned some loss in quality or 
quantity to offset the gain due to inclination of the beds. 

UTILIZATION OF THE LAND. 

Much of the township is high and has rocky hills, though there 
are broad open valleys. The township as a whole is best adapted 
for grazing. Some of the lower slopes could perhaps be dry-farmed. 
A small area in sees. 28 and 29 could perhaps be drained and irri- 
gated. It is now more or less marshy and has a heavy, somewhat 
alkaline soil. 

T. 5 S., B. 37 E. 
TRANSPORTATION FACILITIES. 

The Butte and Yellowstone branch of the Oregon Short Line" 
Railroad runs 12 to 15 miles west of T. 5 S., R. 37 E. The road from 
Fort Hall east to the Blackfoot Dam and points south runs along 
Ross Fork Creek in the north part of the township and two roads 
run southeast from sec. 16 through sees. 24 and 25 to the Portneuf 
Valley and Soda Springs. The south two-thirds of the township is 
high, rugged, and timbered, and is occupied by the Mount Putnam 
ridge and its associated hills. 

GEOLOGY. 
BTSATIOBAPKT. 

The geologic features of this township are shown on Plate VII. 

With the exception of the patch of rhyolite in the NE. J sec. 15 
BXid vicinity all the rocks of the township are sedimentary and range 
in age from Lower Cambrian to Quaternary. 

In the south half of the township the rocks are mainly Cambrian. 
The various members have not been differentiated, but certain re- 
semblances between the rocks of this township and those of Walcott's 
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Cambrian section near Liberty/* in the Montpelier district, make it 
probable that many if not all the members of that section may be 
represented here. The most important Gimbrian rock topographi- 
cally is the Brigham quartzite, which is a massive pinkish to purplish 
or dark-red vitreous quartzite, often gritty or conglomeratic Other 
members of the Cambrian are lustrous shales, grayish or reddish, to- 
gether with dolomitic and well-crystallized limestones, with some 
shaly limestones. 

The line between the Cambrian and Ordovician has not been deter- 
mined in this township, but it is probable that here, as in the Mont- 
pelier district, it falls in the limestone series below the white vitreous 
Swan Peak quartzite. This quartzite lies in patches over Brigham 
quartzite and other Cambrian and Ordovician formations. It seems 
once to have overspread much of the south half of the township, 
probably as part of a great overthrust block now separated by warp- 
ing and erosion into detached masses. Ordovician limestones lie 
above the Swan Peak quartzite, as in the SE. J SE. \ sec. 16, but they 
have not been differentiated from other members of the series. 

No Silurian or Devonian rocks have been recognized in this town- 
ship. 

An area of doubtful rocks occupies the SE. ^ sec. 24 and extends 
northwest. The rock is red or pinkish calcareous sandstone, some- 
what quartzitic in places, and with shaly beds. It does not appear to 
agree with the lithology of either the Brigham or Swan Peak quartz- 
ites. It might represent the Worm Creek quartzite member of the 
Upper Cambrian St. Charles limestone in the Montpelier district, but 
this member has not elsewhere been recognized in such mass in this 
district. It has tentatively been grouped with the Wells formation 
of the Carboniferous, which it resembles to some extent lithologically 
and which is represented in the ridge to the east in T. 5 S., R. 38 E. 
In a search a mile along the ridge no fossils were found. Its final 
assignment must await further study. 

Carboniferous rocks are found is sees. 1 and 4 and in the NE. } 
NE. \ sec. 13. They include representatives of the Brazer lime- 
stone (?), Wells, and Phosphoria formations, but they are separated 
by faulting. The Phosphoria formation outcrops clearly in the NE. J 
NE. ^ sec. 13 where the phosphate bed has been studied and sampled. 
(See p. 91.) The Rex chert member of the Phosphoria occurs in 
the flinty shale facies. In the NE. ^ SE. ^ sec. 4 phosphate float 
and chert float are so disposed as to suggest that the material is 
in place. These areas, however, are surrounded by the Tertiary 
cover and no actual ledges of the Phosphoria are visible, but in the 
northern patch a ledge, supposed to represent the upper Wells, was 

*" Walcott, C. D., Nomenclature of Rome Cambrian Cordllleran formations : Smltbsonlan 
Ooll., vol. 63, No. 1, pp. 5-9, 1908. 
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fouiicL The phosphate shales and Rex chert are estimated ff'om 
measurements in T. 4 S., R. 37 E., tb be 160 and 350 feet thick, 
respectively. 

The Woodside shale enters the township in the NW. i sec. 1, 
where it appears to be faulted. The Meekoceras zone has not been 
found in this township but has been found in sees. 35 and 36 in the 
township to the north. The thickness of the Woodside shale is 
estimated to be 900 feet. 

The Ross Fork limestone and the Fort Hall formation, both of 
which are composed predominantly of calcareous shale, represent 
the Thaynes group in this township. The lower part of the Ross 
Fork limestone has conspicuous beds that form fine cliffs in sees. 1 
and 3. The shales of the Fort Hall formation are dense and resist 
erosion, so that they form conspicuous hills in the SE. \ sec. 1. The 
thickness of the Ross Fork limestone is estimated at 1,300 feet, and 
that of the Fort Hall formation at more than 800 feet. 

In sec. 6 a conglomerate, which is composed chiefly of Triassic 
material and a white calcareous matrix, is tentatively assigned to 
the Salt Lake formation and correlated with the Salt Lake beds of 
Hayden and Peale of probable Pliocene age. This conglomerate is 
included by St. John in his Carboniferous section.^^ The Tertiary 
deposits include sloping bench lands that yield a white calcareous 
soil and are overspread with gravels probably of Quaternary age but 
not differentiated. A small area of Quaternary deposits forms 
meadowland in the NE. \ sec. 9 and vicinity. 

STBTrCTTTBE. 

The old Paleozoic rocks of the township are thrown into folds 
and apparently much faulted. Nearly a quarter of the area is con- 
cealed beneath deposits of probable Tertiary and Quaternary age. 
It was not practicable to work out the details of this highly com- 
plex structure. Only the broader features are described. 

Folds, — ^The northwestern phosphate-bearing syncline of T. 5 S., 
R. 38 E. (section A-B, PL X), enters the northeast comer of this 
township, but in sec. 1 a cross anticlinal axis enters from the north- 
east, and the strike of the ledges swings from northwest to a little 
south of west. In the NW. \ sec. 1 this cross fold is accompanied 
by a fault, which appears to be necessitated by the strike relations 
of the Meekoceras zone in sees. 36 and 36, T. 4 S., R. 37 E. 

Folding occurs in places in the older rocks of the township. The 
geologic section A-B (PI. VII) shows the postulated structure of 
the Cambrian and Ordovician rocks in the north part of sees. 22 

*■ St. John, Orestei, U. S. Qeol. and Geog. Survey Terr. Eleventh Ann. Bept. for 1877, 
p. 329, 1879. 
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and* 23. An anticlinal axis that trends northward apparently passes 
through sees. 20, 29, and 32. * 

Faults. — Faults have played an important part in the geologic 
structure of the township, and a number of faults are shown on the 
map, but further detailed stratigraphic study will be necessary be- 
fore some of the relationships can be fully determined, and other im- 
portant features are concealed beneath the broad covered areas in 
Ross Fork Valley and its tributaries. 

The Putnam thrust (p. 62) is the most striking structural feature 
of the township. 

In sees. 22 and 23 shales tentatively correlated with the lower part 
of Walcott's Cambrian section " appear to crowd too closely upon 
the Ordovician(?) quartzites and limestones on the north, and a 
thrust fault is therefore mapped as traversing the valley that heads 
to the southeast. 

In sec. 24 the Ordovician( ?) quartzite and limestones that occupy 
the ridge abut against the doubtful Carboniferous sandstones de- 
scribed above. Faults interpreted as reverse are therefore tenta- 
tively mapped on the southwest and northeast of these sandstones. 
The supposed structural relations are indicated in the geologic section 
C-D that accompanies the map of T. 5 S., R. 38 E. (PI. X, p. 100). 

In sees. 12 and 13 Cambrian and Ordovician limestones descend on 
the north to a broad valley that is occupied by later sediments. Tri- 
assic beds rise along the north side of this valley. The fault that here 
separates the early Paleozoic from the Triassic rocks is interpreted 
as a thrust and is concealed in the valley, but its postulated trace 
is indicated for a short distance on the map. 

In sees. 9 and 10 the Cambrian and Ordovician rocks form a 
prominent point that terminates in a low cliff on the south side of 
Ross Fork Valley. Nearly a mile away to the north and in the geln- 
eral direction of the strike of the older rocks the Wells formation 
rises abruptly in high hills. The relations here suggest faulting, 
and a portion of the trace of such a fault is tentatively shown. This 
fault may prove to be continuous with that in sees. 12 and 13. 

In sec. 4, along the east side of the prominent limestone hills, the 
lower part of the Wells formation abuts against the Phosphoria, 
which is largely concealed. There appears not to be space for the 
sharp fold that would be required to bring the upper Wells into 
normal relations with the Phosphoria, hence it appears that a fault, 
probably a thrust, marks the boundary of the Wells and Phosphoria 
in this section. 

In sec. 5 is a broad gap between limestone hills. On the east side 
beds of the Wells formation ascend stratigraphically to the west. 

" Walcott, C. D., op. clt., pp. 5-9. 
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On the west side of the valley are beds of the upper Mississippian 
or lower Wells which dip in some places to the east and in others 
to the west. This gap is in line with a well-recognized fault in the 
adjoining township on the north, which brings Cambrian and Ordo- 
vician limestones against Carboniferous limestones. The conditions 
at the gap suggest faulting, hence a fault is tentatively indicated on 
the map, although its position is indeterminate because of the cover 
of later sedimentary rocks. 

Sees. 7 and 8 and the W. i sec. 6 are completely covered with Ter- 
tiary deposits. However, the large amotmt of Triassic debris in- 
cluded in the Tertiary deposits in sec. 6, together with the actual 
outcrop of Triassic beds in the southeastern part of T. 4 S., R. 36 E., 
the adjoining township on the northwest, indicates the proximity of 
Triassic sediments. Between these rocks and the Cambrian and 
Ordovician quartzites and limestones to the south and west there 
must be a fault, perhaps the continuation of the thrust in sec. 12. 
The extent of the cover in the sections named makes it impossible to 
represent the fault on the map. 

In the SE. J sec. 10 and the immediately adjoining portions of the 
neighboring sections there is a patch of rhyolite that forms the 
top of a prominent hill. The position of the rhyolite at a point 
toward which several of the faults named converge suggests that 
the locus of the outflow of the rhyolite may have been determined by 
the convergence or intersection of faults. 

PHOSPHATE DEPOSITS. 

The extensive cover in the northeastern part of the township causes 
some uncertainty as to the boundary of the phosphate and post- 
phosphate rocks. It is estimated, however, that about 3,120 acres 
are underlain by phosphate at depths less than 5,000 feet. In the 
NE. J NE. ;J sec. 13, close to the section corner, a trench that was 
made by the Survey party across the phosphate bed exposed 66 
inches of phosphate rock without partings. Samples taken across 
the bed showed an average content of 33.96 per cent phosphorus pent- 
oxide, equivalent to 74.20 per cent tricalcium phosphate. (See p. 87.) 
The weight of this rock, as shown by earlier determinations, is about 
180 pounds to the cubic foot. On this basis 3,120 acres underlain by 
a 5i-foot bed would yield 65,744,200 long tons of high-grade phos- 
phate rock if the strata were horizontal. The beds are, however, 
inclined at rather large angles, so that the actual amount of rock 
present should exceed the estimate. In view of the faulting and 
cover near the margins of the deposit, it is probably wiser not to add 
to the above estimate. 
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UTILIZATION OF THE LAND. 

The high hills in the south half of the township afford excellent 
timber and pasturage. The smoother portions of the benches in the 
north part could be dry farmed and the lower slopes and meadows 
irrigated. In the SW. i NW. J sec. 5 an excellent stand of timothy 
was observed in connection with some unoccupied ranch buildings. 
In the SE. i sec. 4 and vicinity-there is a partly fenced meadow that 
is utilized for wild hay. 

T. 8 S., B. 38 E. 
TRANSPORTATION FACILITIBS. 

Roads in the southwestern and northwestern parts of T. 3 S., R. 
88 E., lead to Blackfoot, 15 miles or more to the west, the most acces- 
sible railroad point. The southwestern part of the township is 
traversed by prominent ridges and deep valleys which have a dif- 
ference in elevation of about 1,000 feet. In the northeastern part 
long, sloping benches cut by streams descend to Blackfoot River, 
which here occupies a picturesque walled canyon 200 to 300 feet deep 
in basalt. 

GEOLOOT. 
BTRATiaBAPHY. 

More than half the area mapped is imderlain by igneous rocks and 
their derivatives. The sedimentary series includes only Triassic and 
Jurassic formations, and some of the Tertiary conglomerates. The 
geologic features of this township are shown on the map (PI. VIII). 

The oldest sedimentary rocks examined in this township belong to 
the Fort Hall formation of the Thaynes group. The rocks are cal- 
careous shales with some sandy beds and some limestones. Above 
these comes the Portneuf limestone, which consists of cherty and 
siliceous limestones rather massively bedded and topographically 
resistant. 

The Timothy sandstone above the Thaynes is a soft yellow, rather 
thin-bedded calcareous sandstone. 

The Higham grit, Deadman limestone, Wood shale, and Nugget 
sandstone are characteristically developed in this township. Plate 
II, A (p. 18), shows a strike ridge formed by the Higham grit. 

The Twin Creek limestone occupies two relatively small areas, one 
in sees. 6 and 7 and the other in sees. 27, 28, and 34. 

The Tertiary rocks are whitish and yellowish calcareous con- 
glomerates that are assigned to the Salt Lake formation of probable 
Pliocene age. 
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The igneous rocks are rhyolites, andesites^ andesitic tuffs, and 
basalts. From the relations in the township to the north it appears 
probable that the andesites and andesitic tuffs are the oldest, followed 
by the rhyolites and basalts, and that all are of late Tertiary or 
Quaternary age. A particularly interesting rock occurs in the SW. i 
SE. i sec. 18. This is the nepheline basalt that is described on page 58. 

8TBU0TUBE. 

Sedimentary rocks occupy the southwestern part of the township 
and are greatly disordered. Folding and faulting have occurred, 
but faulting is more conspicuous. The folds thus far recognized have 
all been faulted to a greater or less degree. 

Fold. — ^The west limb of a large syncline that enters from T. 4 S., 
R. 38 E., passes from the SW. i sec. 34 northwestward through sec 7. 
This limb is inclined steeply westward and indicates that the syncline 
is asymmetric or overturned toward the northeast. The east limb 
of this fold is concealed beneath solidified lavas and fragmental 
volcanic rocks, and is probably more or less faulted, for in sec. 7 it is 
partly transgressed by a fault that passes beneath the cover. The 
west limb is marked by local minor folding and perhaps thrust fault- 
ing, for in several places patches of igneous rock lie along its course, 
and one of these, in sees. 28 and 29, is of considerable size. Also in 
see. 18 this limb is offset twice by normal faults. 

Southwest of this big syncline lies an area of Nugget sandstone 
with underlying formations in apparently synclinorial structure, 
though much faulted. Among these formations are two belts of 
Higham grit, which are interpreted as anticlinal, or perhaps in places 
as isoclinal, for in the southwest belt the Deadman limestone and 
Wood shale are absent through faulting, but the Nugget sandstone 
lies en each side of the belt. In the other belt, in sees. 32 and 29, the 
east side forms the east boundary of the synclinorium and the relation 
is not so clear, but farther northwest in sees. 19 and 18 this belt ap- 
parently has Nugget sandstone on each side without the Deadman 
limestone and Wood shale that should intervene. 

In the same region also a band of Timothy sandstone apparently 
lies against the Nugget sandstone on the west and a somewhat nar- 
row belt of the Portheuf limestone on the east. Faults are drawn 
on both sides of the Timothy here because on the west side the three 
formations below the Nugget are apparently missing, and on the 
east side there is not enough room for the Portneuf limestone. There 
is perhaps a little uncertainty in the identification of the Timothy 
here, for the determination is based on pieces of float that lie on a 
smooth slope, and there is sometimes difficulty in distinguishing 
pieces of the Timothy from some of the softer and more yellowish 
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beds of the Nugget sandstone. The same difficulty was encountered 
in two localities in the township on the west. 

In sec. 81 the rock formations of the township become parts of a 
large northeastward-trending anticline that forms an important 
structural feature of T. 4 S., R. 37 E. The beds in sec, 31 curve 
around from southeast to northwest in response to the anticlinal 
structure, but the anterior part of the anticline has been spread by 
a number of normal faults that produce offsets and slight or mod- 
erate displacements. 

Faults. — The principal fault is the one that separates the over* 
turned syncline on the northeast from the Nugget synclinorium on 
the southwest. This fault is^ interpreted as a reverse fault, as are 
also the other strike faults, because of their intimate relations with 
the folds and because of the strong lateral compression that the rock 
formations have endured. 

Normal faults cut these structural features at nearly right angles, 
particularly in the southwest comer of the township. 

The main features of both groups of faults have already been 
mentioned in the discussion of the folding. The structure sections 
drawn along the lines A-B and C-D (PI. VIII) illustrate the struc- 
tural interpretations above outlined. The normal faults are illus- 
trated in structure section G-H (PI. VI, p. 82). 

PHOSPHATE DEPOSITS. 

As the exposed sedimentary rocks are all post-phosphate it is prob- 
able that phosphate beds underlie much of the township. The rock 
formations here represented are for the most part, however, far 
above the phosphate horizon, so that the phosphate rock would lie 
considerably deeper than 5,000 feet. A band of Portneuf limestone 
passes northwestward from sec. 33. This rock, if in normal position, 
would be underlain by phosphate within workable depths. However, 
it is overturned toward the northeast and faulted along its west 
border. It is doubtful, therefore, if any significant deposits of phos- 
phate rock occur within 5,000 feet of the surface along this zone. In 
sec. 31 both the Portneuf limestone and the Fort Hall formation 
occupy a small area. These formations would both normally be un- 
derlain by phosphate deposits at less depths than 5,000 feet, but in 
view of the supposed folding and thrust faulting, as well as the nor- 
mal faulting, it is doubtful if more than a few acres, if any, con- 
tain workable phosphate deposits. 

UTILTZATIOX OF THE LAND. 

The township as a whole is best adapted for grazing. Dry farming 
would perhaps be successful on the lower benches that slope toward 
Blackfoot River. 
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T. 4 S., B. 38 E. 

TKAN8POKTATION FACILITIES. 

Blackfoot, on the Oregon Short Line, is 15 miles or more by road 
northwest of T. 4 S., E. 38 E. Bancroft, another railroad point, 
lies to the south about 20 miles by road. A stage line from Ban- 
croft to Chesterfield comes within about 12 miles of the township. 
Fort Hall, a third railroad point, is 20 miles or more west of the 
township. Fairly good roads connect this township with each of 
these railroad points. 

OEOLOOY. 
STSATIGKAFHY. 

Both igneous and sedimentary rocks are represented in the town- 
ship. The sedimentary rocks range from Carboniferous (Wells 
formation) to Quaternary in age. 

The Wells formation is confined to the southwest corner of the 
township, where it is involved in a number of broken folds. 

The Phosphoria formation accompanies the Wells and appears to 
extend eastward under Tertiary and Quaternary deposits as far as 
the S. i sec. 22. Its northern limits east of the NW. i NW. J sec. 20 
are not known because of cover and possible faulting. The outcrop 
of the phosphatic shales is confined to narrow bands in association 
with the Wells formation in the southwest comer of the township. 

The Woodside shale accompanies the Wells and Phosphoria in 
the. southwest comer and forms small patches elsewhere. It may 
perhaps underlie the Tertiary and Quaternary cover in sees. 21 and 
28 and vicinity. 

The Hoss Fork limestone occupies three small areas in sees. 18, 22, 
23, 26, 31, and 32. It may also underlie parts of the covered area in 
sees. 16, 17, 18, and 21, but of this there is no definite knowledge. The 
Fort Hall formation occupies a broad area in sees. 6 and 7 that ex- 
tends and narrows eastward and southeastward. It makes the 
prominent ridge that extends from sec. 23 to sec. 9. The Portneuf 
limestone belt is separated from the Fort Hall formation by belts 
of Nugget sandstone and Higham grit ^ that are faulted between the 
two upper formations of the Thaynes group. 

The Timothy sandstone, Higham grit, Deadman limestone, and 
Nugget sandstone outcrop with apparent conformity in belts that 
extend northwest from sec. 13. The Wood shale is believed to be 
present but was not differentiated from the overlying sandstones 

in this township, but the Deadman limestone was differentiated and 

_ « 

• On Plate IX the belt of Higham grit has Inadvertently been mislabeled. 
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mapped. The failure to differentiate the Wood shale is probably 
due to the fact that at the time this township was mapped the sub- 
division of these rocks had not been considered, and the Wood 
shale was probably grouped with the overlying red sandstone. The 
belts of Nugget sandstone and Higham grit that lie between the 

I upper members of the Thaynes are each faulted on both contacts. 

The Twin Creek limestone is not exposed in this township but 
may underlie the igneous rock in sec. 2 and vicinity, for in T. 3 S., 
B. 38 £., it lies east of the Nugget sandstone and passes beneath 
similar igneous rock on the east. 

In the southeast corner of the township there is a weathered con- 
glomerate which consists of boulders and pebbles of the older sedi- 

I mentary rocks and some solidified lavas. This conglomerate is 

! tentatively assigned to the Salt Lake formation of probable Pliocene 

age. 
The Central part of the township and many of the slopes from 

I the hills are covered with a deposit that yields a white calcareous 

soil and that is commonly more or less overstrewn with pebbles and 
rock fragments, which may have been in part weathered out from 
Pliocene (?) beds or perhaps in part rearranged by erosion. These 
deposits have not been differentiated but are probably mostly Ter- 
tiary, though possibly in part Quaternary. 

Quaternary alluvial deposits occupy the larger valley bottoms. 
In sees. 33 and 28 there are considerable deposits of travertine. In 
both areas springs are now associated with the travertine. The 
spring in sec. 28 is said to be thermal, but no temperature measure- 
ments were made. 

The igneous rocks are intermediate or acidic and correspond ap- 
proximately to andesite and rhyolite. They occupy extensive areas 
in the eastern half of the township and are either of Pliocene or 
Pleistocene age. 

STRTTOTITBE. 

The structure of the township is complex and its interpretation 
is rendered difficult by the large areas of late sediments and igneoU 
rocks that conceal the older rocks beneath. The older rocks hav 
been subjected both to folding and faulting, although the effects o 
the faulting are more conspicuous. 

Folds. — ^The structural feature which has the greatest effect on thi 
phosphate deposits is a broad, shallow syncline, which trends aboul 
N. 20^ W. and which occupies the south-central part of the township 
There is an element of doubt in the interpretation of this feature, 
because this portion of the township is occupied by a broad valley 
and is covered largely with late sediments. The occurrence of KeX 
chert apparently in place on the east and west sides of this valley, 
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together with the abundant occurrence of fragments of float from 
the Hex in the later deposits, is thought to justify the view above 
expressed. Along the west margin of the syncline in sees. 82, 29, and 
30 there is anticlinorial structure and overturning and overthrust 
faulting toward the northeast. On the east side the sjmcline is cut by 
a normal (?) fault that brings the Ross Fork limestone against the 
Rex in sec. 22. In the NW. i NW. -J sec. 30 the phosphate beds are 
cut off by a fault that may prove to be a continuation of the fault 
just mentioned. The occurrence of successively higher formations 
to the northwest indicates a gentle pitch in that direction. 

It is supposed that the northeastern part of the township, north- 
west of sec. 13, contains the west limb of a large overturned syn- 
cline, which involves formations that range from the Portneuf lime- 
stone to the Nugget sandstone. The east limb of this fold is 
concealed beneath andesite. The highest beds of the syncline ex- 
posed in this township are those of the Nugget sandstone, but in 
the township to the north the Twin Creek beds appear east of the 
Nugget and thus suggest a northwesterly pitch. 

Along the southwest flank of the ridge in sees. 15 to 23 there is 
a synclinal fold in the Fort Hall formation, which is not over- 
turned but has the steeper limb on the east side. Portions of other 
folds lie in the faulted Nugget sandstone and Higham grit on the 
east. 

The folds above described are indicated in the structure sections 
drawn along the line A-B-C (PL IX). 

FauUs. — ^The faults appear to be chiefly of the reverse type and 
for the most part to have accompanied the folding. The fault that 
offsets the phosphate deposits in the NW. \ NW. \ sec. 30 is, how- 
ever, apparently normal. It may be continuous with the fault in 
sec. 22 and with a postulated concealed fault in sec. 26, where similar 
structural conditions apparently obtain. Small normal faults enter 
the northwest comer of the township, but these are more fully de- 
scribed and illustrated in the description of T. 4 S., R. 37 E. (See 
PL VI.) 

The Fort Hall formation is thrust upon the Nugget sandstone 
from the NE. \ NE. \ sec. 23 northwestward through sees. 5 and 6, 
where it transgresses other disturbed areas of the Nugget and 
Higham formations. 

East of the Nugget sandstone but without the normally intervening 
Wood shale and Deadman limestone lies the Higham grit. Both 
the sandstone and the grit are broken and slickensided, and the 
sandstone seems to be overthrust upon the grit. 

East of the Higham grit belt lies a series of Triassic beds, begin- 
ning with the Portneuf limestone, that dip steeply westward but 

158145'— 20 7 
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rise stratigraphically eastward. The accordance of the trend of this 
fault with the thrust faults and axes to the southwest renders un- 
likely its interpretation as normal, yet, as younger beds lie to the 
southwest, the interpretation as an overthrust would seem to imply 
movement from the northeast toward the southwest, which is con- 
trary to the direction of thrust more commonly observed in this 
region. An alternative interpretation as underthrust is suggested, 
in which the older beds on the northeast have been underthrust be- 
neath the younger beds to the southwest. The structure section 
B-C^ (PL IX) shows that there is a tendency toward a rude fan 
structure suggested by the asymmetric syncline in the ridge im- 
mediately southwest and the supposed overthrust syncline on the 
northeast. Such a structure is favorable to the underthrust inter- 
pretation. Possible fan structure has been suggested in explanation 
of certain features in T. 3 S., R- 37 E., already described (p. 80). 
In sec. two faults that are interpreted as thrusts pass beneath the 
overlapping block of the Fort Hall formation. These faults cut out 
the Wood shale and Deadman limestone that should normally inter- 
vene between the Higham grit and the Nugget sandstone. 

The complex of faults in the southwestern part of the township 
is apparently an accompaniment of the overturned folding along the 
west border of the large syncline. These faults are interpreted as 
reversed faults. 

In sees. 23 and 15 along the southwest -flank of the ridge patches 
of rhyolite suggest a fracture and possible displacement of the beds. 
The dips and thicknesses of the beds involved do not, however, justify 
the interpretation of a fault there. 

The fault relations suggested are illustrated in the structure sec- 
tions drawn along the line A-B-C (PI. IX). 

PHOSPHATE DEPOSITS. 

Although the Portneuf limestone, if horizontal, would be under- 
lain by the phosphatic shales at depths somewhat less than 5,000 
feet, that formation is both overturned and faulted in such manner 
as probably to preclude the occurrence of phosphate within the 5,000- 
foot limit in that belt. Southwest of the fault between the Fort Hall 
formation and the Nugget sandstone there is a broad belt that ex- 
tends southeast across the township which is probably underlain by 
the phosphatic shales at depths less than 5,000 feet. Much of this 
area is covered by Tertiary and Quaternary deposits and some by 
igneous rock. There is also some disturbance in the structure, but 
the outcrops around the margin of the area suggest that the covered 
region is underlain by the lower postphosphate rocks rather than by 
prephosphate or higher postphospliate formations. After deducting 
the igneous areas, except the area in sec. 26, which is retained because 
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of the relative positions of the Bex chert and the Eoss Fork lime- 
stone, and a zone half a mile wide along the fault northeast of the 
Fort Hall formation, it is estimated that 12^00 acres are underlain 
by phosphate at depths less than 5,000 feet. 

In sec. 11, T. 4 S., R. 37 E., the phosphate bed includes 76 inches 
of material that has an average content of 73.76 per cent tricalcium 
phosphate (Ca3(P04)2). In sec. 13, T. 5 S., R. 37 E., the phosphate 
bed is 66 inches thick and has an average content of 74.19 per cent 
tricalcium phosphate, and in sec. 36, T. 5 S., B. 38 E., the phosphate 
bed is 73 inches thick and has an average content of 74.5 per cent 
tricalcium phosphate. (See pp. 87, 91, 103.) Although there are no 
exposures in T. 4 S., R. 38 E., it seems reasonable to infer from evi- 
dence in the neighboring townships the presence of a phosphate bed at 
least equal to the minimum thickness measured with a content of 70 
per cent or more tricalcium phosphate. The weight of a cubic foot of 
such rock according to previous determinations is about 180 pounds. 
On this basis 12,200 acres underlain by a bed 66 inches thick would 
yield approximately 234,870,000 long tons of phosphate rock. 

As a large part of the area containing phosphate is relatively low, 
receiving or transmitting drainage from the neighboring hills, it is 
probable that half to two-thirds of the tonnage above estimated may 
lie below groundwater level. 

UTIUZATION OF THE LAND. 

The alluvial bottoms and lower benches could be farmed, and water 
is available for a considerable part of it. The hills afford pasturage. 

T. 5 S., B. 38 £. 

TRANSPORTATION rACILPriES. 

Bancroft, on the Oregon Short Line Bailroad, is about 14 miles due 
south of T. 5 S., R. 38 E. The distance by road is somewhat greater. 
Fort Hall, another railroad point on the Oregon Short Line, is 
about 20 miles northwest of the township. Good roads lead to both 
these places. Stage and mail connections are maintained between 
Bancroft and Chesterfield, about 6 miles southeast of the township. 

GEOLOGY. 
STBATZORAPHT. 

The rocks of the township are chiefly sedimentary, but a few 
small patches of rhyolite occur in the northeastern part. 

The sedimentary rocks range in age from Cambrian to Quater- 
nary. The Cambrian and Ordovician rocks are not distinguished 
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here in mapping except the Swan Peak quartzite (Ordovician), 
which is topographically prominent in the western and southwestern 
parts of the township. The other members of the Cambrian and 
Ordovician are limestones and lustrous shales in the ridges in the 
southwestern part of the township. 

Silurian rocks have not been identified in this area. 

A single fossil collection in the NE. i SE. i sec. 29 was doubt- 
fully assigned by Edwin Kirk to the Devonian Threeforks limestone. 
This collection was taken near a small fault that is not shown on the 
map. The neighboring rocks were determined as Madison lime- 
stone by G. H. Girty. The Devonian has not been differentiated 
from the Carboniferous in the mapping of this township. 

All members of the Carboniferous are represented in the ridge of 
sec. 29 and vicinity, but, with the exception of the Phosphoria for- 
mation, none have been differentiated in the mapping because of the 
complex structure of the ridge and the detailed study necessary for 
such differentiation. An area of sandstone in the SW. ^ sec. 19 has 
been doubtfully assigned to the Wells formation on lithologic 
grounds, but it may prove to be considerably older. The Wells 
formation underlies a large area in sees. 35 and 36 and occurs in 
more or less detached areas in the western ridge and in sees. 18 and 5. 

The Phosphoria formation occurs in faulted areas in the western 
ridge, in sees. 17, 18, 7, and 5, and in a large area in sec. 36 and 
vicinity. In sees. 28, 29, 32, and 33 the Rex chert member for"^ 
characteristic massive chert beds. In sec. 29 the chert grades no 
or less into the limestone f acies. Elsewhere the Rex chert has 
flinty shale f acies. The phosphatic shales are best exposed in 
northwest comer of see. 18 and in sec. 36. 

The Woodside shale is exposed in the syncline in sec. 36 f 
vicinity and doubtfully in the NE. ^ sec. 6. It has not been reo 
nized elsewhere in the township. 

The Thaynes group, in the northwest corner of the township 
represented chiefly by the Ross Fork limestone, but the higher h 
in the vicinity of the SW. J sec. 6 carry the Fort Hall formation 

Much of the township east of the Portneuf Valley is covered w 
a bouldery deposit that appears to be weathered from a late a 
glomerate and is tentatively correlated with the Salt Lake forn 
tion of probable Pliocene age. The boulders in many places $ 
large, several feet in diameter, and angular. Many of them I 
white quartzite of the Swan Peak type. They lie in different pa 
tions and are apparently not in place, though they can not have bei 
moved far. However, no ledges from which they might have con 
are exposed in the vicinity. Associated with these coarser deposi 
are beds of white marl with numerous gastropod remains. Exposurl 
occur in the NW. J sec. 15 and across the river near by. Much 
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^ the remainder of the township is covered by a bouldery and pebbly 
deposit, probably similar in origin to that just described but not 
definitely differentiated. This is probably chiefly Tertiary but may 
be in part of Quaternary age. 

Alluvial deposits of Quaternary age form a relatively narrow belt 
along Portneuf River. They are usually rather distinctly separated 
from the Tertiary beds of the bench lands by steep slopes. 

BTBTrOTVBS. 

The geologic structure of the township, where exposed, is com- 
plex and involves overturned folding and faulting, both of the 
normal and of the reverse types. Fully half of the township is 
concealed beneath a cover of late deposits, but it seems fair to con- 
clude that the complexities noted elsewhere continue under this 
cover. 

Folds. — ^The main structural features of the township, so far as the 
phosphate deposits are concerned, are parts of two synclines in the 
northwest and southeast comers respectively of the township. These 
two portions of synclines are possibly parts of the same general syn- 
dine and may be continuous beneath the cover. In view of the 
structural complexities of other parts of the township, the continuity 
of the syncline can not safely be assumed, although it may be noted 
that both parts are of simUar type, namely, asymmetric, over- 
turned toward the northeast, and faulted along the northeast border. 
The strike of the small exposure of the Thaynes group in the SE. \ 
sec. 8 and of the Wells formation in the SW. \ sec. 17 suggests that 
the northwest syncline is terminated somewhere near the middle of 
the township. This appearance may, however, be due to a cross anti- 
clinal axis, such as that which turns the strike of the ledges to the 
south. of west in sec. 6 and adjoining parts of the neighboring town- 
ships. The northeast border of this syncline is interpreted as a 
thrust because of its apparently irregular outline. The southwest 
border is marked by a minor fault in the SW. \ sec. 17. The struc- 
tural features here suggested are shown in geologic section A-B 
(PI. X). 

The structure of the southeast syncline is shown in geologic section 
1-J (PL X). 

Folding has also occurred in the complex ridge that extends south- 
eastward from sees. 18 and 19. Here the folds are broken by many 
faults, and it has not been possible to work out the structure in 
sufficient detail to ascertain the number and character of the folds. 

Faults. — Two large faults, interpreted as thrusts, are particularly 
noteworthy. The first separates the complex ridge with rocfes rang- 
ing in age from Cambrian to Phosphoria from the adjacent phos- 
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phate-bearing syncline on the northeast. The trace of this fault is 
largely concealed by late sediments, but it is believed to enter the 
township in the NE. ^ sec. 18 and to continue along the border and 
lower slopes of the ridge toward the center of the township. The 
position of these older rocks along the border of a large syncline 
that is inclined northeastward leads to the interpretation of this 
fault as a thrust the plane of which is inclined to the southwest. 
(See geologic sections A-B and C-D, PL X.) 

The second important thrust crosses the ridge in the NE. i sec. 
P»2 and the NW. \ jsec. 33, where it appears to have been slightly 
offset by normal (?) faults. Here the Cambrian and Ordovician 
limestones and shales lie against a complex of Permian (Phosphoria) 
and Pennsylvanian (Wells) rocks. The relationship is not entirely 
clear on the basis of present evidence, but the fault is tentatively 
interpreted as a thrust. (See geologic section G-H, PL X.) 

The scant representation of Silurian and Devonian rocks in the 
Fort Hall region, together with the lack of opportunity to measure 
the thickness of the formations below the Phosphoria and the com- 
plex structure of the rocks involved, all make impossible any defi- 
nite statement of the amount of dislocation produced by these 
thrusts. It seems safe, however, to infer that the dislocation may 
measure several thousand feet. 

Additional faults in considerable number occur in the same ridge 
and some of these have been tentatively interpreted in sections G-H, 
E-F, and C-D (PL X). The complete determination of the structure 
here awaits more detailed and larger-scale studies than were practi- 
cable during the present investigation. 

Other faults enter the township from the west, but these are more 
clearly shown in the adjacent township (T. 5 S., R. 37 E.). A brief 
discussion of them is given in the description of that township 
(p. 90). 

PHOSPHATE DEPOSrrS. 

A thick bed of high-grade phosphate rock has been found and 
sampled in sees. 18 and 36. The outcrop of the phosphate shales in 
sees. 17 and 18 is alined well with that in sec. 36. Postphosphate 
rocks lie on the northeast side of this line. These facts suggest that 
much of the northeastern part of the township may l>e underlain by 
valuable phosphate rock within workable limits. However, the ex- 
tensive cover and the complex structure of the exposed parts of the 
older sedimentary rocks make it unwise to estimate the phosphate 
resources of the covered area except of those parts relatively near 
the exposed areas. It is estimated that 8,120 acres are underlain by 
available phosphate rocks. The complexly faulted small areas of 
Bex chert in sees. 28, 29, 32, and 33 are not included in this estimate. 
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About 180 acres included in the above figures lie east of the reser- 
vation boundary in sees. 25 and 36. 

In the prospect made by the Survey party just over the township 
line from the northwest corned of sec. 18 the phosphate bed was 
found to have a thickness of 66 inches and an average content of 
33.96 per cent phosphorus pentoxide (P2O5) equivalent to 74.19 per 
cent tricalcium phosphate (Ca3(P04)2). In the NE. J SE. J sec. 36 
in this township the prospect made by the Survey party showed the 
phosphate bed to be 73 inches thick with an average content of 34.37 
per cent phosphorus pentoxide, equivalent to 74.5 per cent trical- 
cium phosphate. (See pp. 82, 87.) The weight of such rock from 
previous determination is about 180 pounds per cubic foot. On the 
assumption that the lower thickness is the average for the area, it is 
estimated that this township contains as a minimum 148,008,900 long 
tons of high-grade phosphate rock, at a depth of 5,000 feet or less. 
The estimate assumes that the rocks are horizontal. The rocks are, 
however, inclined at different angles, so that the estimate should fall 
somewhat below the actual content of the phosphate beds. In view 
of the complex structure of the township it seems wise to leave this 
difference as an additional margin of safety for the estimate given. 

UTILIZATION OF THE LAND, 

The alluvial meadows can be irrigated and farmed, and some of 
the lower benches can doubtless be dry-farmed. The higher ground 
affords pasturage. The township as a whole is being utilized at 
present to some extent for cattle grazing, and outside the reservation 
line for sheep grazing. 

■ 

T. 6 S., B. 38 E. 

TRANSPORTATION FACILITIES. 

The nearest railroad point to T. 6 S., B. 38 E., is Bancroft, on the 
Oregon Short Line Railroad, 12 to 15 miles south. A stage line runs 
from that point to Qhesterfield, about 3 miles southeast of the reser- 
vation. An excellent road connects this township with Chesterfield 
and Bancroft. 

GEOLOGY. 

The geologic features of the portion of the township included in 
the reservation are shown on the general map (PI. III). 

The greater part of the district examined is occupied by the 
broad valley of Portneuf River, and its alluvial meadows and older 
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sloping bench lands are underlain by Tertiaiy and Quaternary 
deposits. 

The older rocks exposed in the west half of the district are all of 
Cambrian and Ordovician age and are folded and probably faulted 
as well, though the details of the structural features have not been 
worked out. A broad patch of Swan Peak quartzite (Ordovician) 
overlies different members of the Cambrian in sees. 6 and 7 in a fault 
that is interpreted as a part of the Putnam thrust (See pp. 62-65.) 

East of Portneuf River in sees. 1 and 12 Carboniferous rocks of 
the Wells formation appear. Between these rocks and the Cambrian 
and Ordovician rocks west of the river it seems probable that a fault 
intervenes, but its position is concealed by the thick cover of later 
sediments that occupy the valley. In sees. 32 and 33, T. 5 S., K. 38 £., 
the Cambrian and Ordovician rocks are faulted against the Hex 
chert member of the Phosphoria. Numerous other faults occur in 
that township, so that faults may reasonably be expected in the 
region between the older and younger Paleozoic rocks of this town- 
ship. 

PHOSPHATE DEPOSITS. 

In the SE. i sec. 35, T. 5 S., R. 38 E., the Phosphoria formation 
advances southwest toward this township but passes beneath the 
Tertiary cover a short distance north of the township line. Float of 
phosphate is abundant near the north quarter comer of sec. 2. It 
seems probable then that phosphate rock enters the NW. \ NE. i 
sec. 2 beneath the cover, but its course and extent beneath the cover 
can not be determined from present data. The probability of fault- 
ing renders unlikely any considerable continuation of the Phosphoria 
formation in this township. For this reason no estimates of possible 
phosphate deposits are presented for this township. It may be noted, 
however, that the phosphate in sec. 36, T. 5 S., R. 38 E., shows a 
thickness of 73 inches without partings and an average content of 
34.37 per cent phosphorus pentoxide, equivalent to 74.5 per cent 
tricalcium phosphate. A description of the phosphate beds there 
exposed is given on page 103. 

UTILIZATION or THE LAND. 

Much of the bottom and bench land can be irrigated and farmed 
or dry-farmed. Hay, oats, and potatoes are raised at Faulkner's 
ranch, in sees. 3 and 4. The hills to the north, east, and west afford 
pasturage and some timber. 
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MINERAL. RESOURCES. 
PHOSPHATE DEPOSITS. 

GENERAL SUMMARY OF TONNAGE ESTIMATES. 

The tonnage estimates in the preceding township descriptions in- 
clude only the figures for the areas examined in detail in 1913. 
Although approximate, they relate only to the main bed, which lies 
near the base of the phosphate shales, and thus exclude some work- 
able high-grade rock and much lower grade rock that may eventu- 
ally become workable. Several areas of considerable size that may 
contain valuable phosphate deposits at workable depths are also 
excluded because they are covered with late deposits which conceal 
the underlying structure to such an extent as to make hazardous 
any estimate of the phosphate content. The estimates are based on 
the best data available and are believed to be conservative. 

E»timat€S of phosphate rock available in the tawnshipn considered in this 

report. 

Long tons. 

T. 3 S., R. 37 B M, 925, 800 

T. 4 S., B. 37 E 204, 977, 800 

T. 5 S., R. 37 B 55,744,200 

T. 4 S., R. 38 E 234, 870, 000 

T. 5 S., R. 38 B 148, 008, 900 

738, 526, 700 

Estimates for the western field. 

Long tons. 

Total for area examined in 1913 738, 526, 700 

Total for area examined in 1912 " 1, 889, 480, 200 

Total for area examined in 1911 1, 347, 370. 000 

Total for area examined in 1910 1, 168, 970, 000 

Total for area examined in 1909, minus 90,000,000 

tons estimated for Georgetown district, which is 

dupUcated in total for 1911 156, 950, 000 

I 5, 290, 296, 900 

Stone and Bonine " report for the EUiston field, Mont., 86,000,000 
short tons (equivalent approximately to 76,785,700 long tons), and 
Pardee** reports for the Garrison and Philipsburg fields, Mont., a 
total of 97,000,000 long tons. These amounts added to the amounts 
previously tabulated make a total of approximately -5,464,082,000 
long tons. 

''* Report In preparation. 

" Stooe, B, W., and Bonine, C. A., The Blliston phosphate field, Mont. : tJ. S. Geol. 
Survey Bull. 580, p. 888, 1014. 

" Pardee, J. T^ The Garrison and Philipsburg phosphate fields, Mont. : U. S. Oeol. 
Surrey Bull. 640, p. 223, 1017. 
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Additional areas have been examined in detail in Idaho, Wyoming, 
and Utah since 1913, for which estimates are not yet available, and 
considerable portions of the reserve yet remain to be surveyed. ThiLs 
it appears that the figures given will eventually be greatly increased. 

UTILIZATION or WESTERN PHOSPHATE. 

At present the western phosphate is but little utilized, although its 
chemical and physical constitution would make relatively easy its 
manufacture into superphosphates by the mixture of about equal 
parts of ground rock and sulphuric acid. The demand for fertilizers 
in the Pacific coast district is moderate and is readily met by the 
companies now in operation. The future development of the deposits 
depends in large measure upon the growth of the demand for fer- 
tilizers in the Central and Eastern States and upon the adoption of 
some method of manufacture which will enable the producers to de- 
liver the phosphoric acid in concentrated form, so that the high cost 
of transportation may be oiTset. The manufacture of " high-grade " 
superphosphates as a means to this end has been discussed by Gale in 
a previous report." Several processes for making soluble phosphates 
have also been reviewed by Phalen.'^* 

In spite of the present small demand for this rock there can be 
no doubt that the growing recognition in this country of the impor- 
tance of the proper use of fertilizers will sooner or later make this 
western phosphate field the scene of one of the Nation's most im- 
portant industries. 

The situation of the deposits of the Fort Hall Indian Reservation 
with respect to existing railways is less favorable than that of the 
phosphate beds near Sage and Cokeville, Wyo. ; Montpelier, Paris, 
and Georgetown, Idaho, and the EUiston and other fields in Montana. 
Favorable grades, however, exist in the valleys of the upper Port- 
neuf River and of Ross Fork Creek for spur tracks from the Oregon 
Short Line Railroad. These spurs would bring shipping facilities 
within short hauling distances of the deposits. 

DEVELOPMENT AND PRODUCTION. 

The true nature of the phosphate rock seems first to have been 
recognized in 1889 in Cache County, ITtah.^^ Beds of phosphate were 
also independently discovered in 1897 in Rich Coimty, Utah,*** but it 

"Gale, H. S., U. S. G€ol. Survey Ball.'470, pp. 449-451. 1911. 

" Phalen, W. C, Phopphate rock : U. S. Geol. Survey Mineral Resources, 1915, pt. 2, pp. 
289-242, 1910. 

^ Richter, A., Western phosphate discovery : Mines and Methods, vol. 2, p. 207, 1911. 
'onfes, C. C, The discovery and opening of a new phosphate field in the United 
: Am. Inst. MIn. Eng. Trans., vol. 47, pp. 192-216, 1914. 
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was not until about 1904 that any systematic exploration or develop- 
ment of them took place. 

Three companies soon entered the field, and in 1906 shipping was 
begun from Montpelier, Idaho, and Cokeville and Sage, Wyo. The 
known deposits at that time were grouped in scattered localities 
within a comparatively few miles of the junction point of the three 
States, Idaho, Wyoming, and Utah. In 1909 the Geological Survey 
began the detailed examinations, which with some interruptions 
have been continued since and are still far from completion. These 
examinations have shown the area underlain by phosphate to be far 
greater than was at first supposed and have revealed the presence of 
enormous bodies of high-grade rock. Unfortunately, the companies 
engaged in mining the rock became involved in litigation concerning 
the legality of their locations. This litigation, together with the long 
distance from available markets and high cost of transportation, 
has prevented any extensive exploitation of the deposits. By 1916 
five companies were represented in the field, but only two of them 
were active at that time and production was very small. In 1917 
the waning industry experienced a sharp recovery, and four com- 
panies, one of them new, were operating. There was also a general 
improvement in market conditions, which, if maintained, may result 
in more extended development of the deposits. 

Although the field is the largest within the United States, and, 
as far as known, the largest in the world, production has thus far 
been small because of the adverse conditions. From the beginning, 
in 1906, when figures first became available, until 1918 the total 
production amounted to 91,992 tons for the entire field, an average 
of only 7,076 tons annually for the 13-year period. A maximum of 
production appears to have been reached in 1912, when it amounted 
to 11,612 long tons, valued at $49,241.^* From that time the quan- 
tity marketed grew smaller, until in 1916 it was 1,703 tons, valued 
at $5,350, and represented only about 0.08 per cent of the total for 
the entire country.*^ In 1917 under the revived demand the output 
was 15,096 long tons, valued at $41,756, an increase in production 
of 786 per cent compared with 1916.®* The average price per ton 
was $2.77, which was 37 cents per ton less than in the preceding year. 

The impetus given by the war to agriculture leads directly to 
larger utilization of phosphate rock and its derivatives as fertilizer. 
As the beneficial effects of the application of the phosphates to the 

«Phalen, W. C, Thosphate rock: U. S. Geol. Survey Mineral ResourccB, 1913, pt. 2, 
pp. 276-277. 1914. 

•Stone. R. W., Phosphate rock: IT. S. Geol, Surrey Mineral Besourcee, 1916, pt. 2, 
p. 32. 1918. 

« Idem. 1917, pt. 2, p. 11, 1918. 
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soil become more generally realized, the demand for the rock should 
be permanent and increasing. 

STATUS OF WESTERK PHOSPHATE LANDS. 

In Utah, Idaho, Wyoming, aiid Montana the great bulk of the 
deposit is on public lands, though some has passed into private hands. 
The public lands are withdrawn from entry pending examination 
and classification. Agricultural entry on these lands is permitted, 
but mineral rights are reserved by the Government. No estimates of 
the acreage of phosphate land in private ownership are available, 
but the acreage of the outstanding withdrawals of public land in the 
States named is shown below : 

Outstanding phosphate trithdraivals, July i, 1918, 

Acres. 

Utah 302, 465 

Idaho 1. 015. 717 

Wyoming 998, 592 

Montana 287,883 



2,e04,657 

In addition to the above areas 4,080 acres in the Fort Hall Indian 
Reservation, Idaho, and 20,576 acres in the Wind Eiver Indian Bes> 
ervation, Wyo., have been examined in detail, formally classified as 
phosphate land, and restored for entry. In all there are 2,629,313 
acres of public land which will ultimately be available for entry and 
exploitation in addition to the lands privately owned. 

ORIGIN OF THE DEPOSITS. 

The origin of the western phosphate deposits has an important 
commercial bearing, for if they were residual, like those of the 
brown rock of Tennessee, or of secondary origin, they might be ex- 
pected to pass at comparatively shallow depths into unleached low- 
grade phosphate or even into phosphatic limestones. Thus the 
valuable deposits would be limited to a comparatively short dis- 
tance from the outcrop, and the great body of rock imder cover in 
the synclines would be valueless. Absolute certainty on this point 
probably can not be reached without deep drilling. On the other 
hand, the phosphate beds have been observed in many parts of the 
region and under many conditions by a number of geologists, and 
everywhere they appear to be true bedded deposits, analogous to coal 
or limestone, and retain their thickness and quality over wide areas. 

T these reasons they are regarded as original sedimentary de- 
'ts, and it is considered probable that they maintain in depth 
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the characteristics displayed at the surface. Upon this assumption 
rest the estimates given for the western field. 

The sources of the phosphoric acid and the methods of its ac- 
cumulation are to a. considerable degree subjects of speculation, but 
it will perhaps be helpful to summarize opinions thus far advanced 
and to indicate the probable direction of solution of the problems 
involved. 

The first detailed accounts of the western phosphates are contained 
in papers of Gale and Bichards ** and Blackwelder.'® These authors 
regard the phosphates as original marine sedimentary deposits, and 
Gale and Richards give a very brief summary of the hitherto recog- 
nised sources of phosphorus and the method of its accumulation as 
phosphates ^^ through the agency of organic and physicochemical 
processes. 

Because of the relative scarcity of organic remains in the actual 
phosphate beds Eichards and Mansfield ^^ were inclined to place 
greater emphasis on physicochemical than on organic sources and 
agencies. 

Blackwelder has contributed two important later papers. In the 
first ^^ he gives an interesting suggestive account of the cycle of 
changes undergone by phosphorus from its mineral form in apatite 
through solution, assimilation by plants or animals, deposition on. 
the sea bottom or on land, accumulation into deposits, burial, de- 
formation, and metamorphism back to apatite again. Many sub- 
cycles are included, and individual atoms of phosphorus may have 
had widely different histories. In the second ®® he gives in abbre- 
mted form as derived from available literature a view of organic 
accumulation, which is substantially repeated here for reference. 
In the ocean special conditions of currents and temperature, to- 
gether with other factors not yet understood, may have induced the 
wholesale killing of animals over large areas and the accumulation 
of putrefying matter on the sea floor in moderate and shallow depths. 
Decomposition through the agency of bacteria produced ammoniacal 
solutions, which dissolved the solid calcium phosphate in bones, 
teeth, brachiopod shells, and tissues. The abundance of putrefac- 

**Gale, H. S., and Richards, R. W., Preliminary report on the phosphate deposits in 
soQtheastem Idaho and adjacent parts of Wyoming and Utah: U. S. Geol. Survey 
BolL 430, pp. 457-635, 1010. 

* Blackwelder, Eliot, Phosphate deposits east of Ogden, Utah : U. S. Geol. Survey Bull. 
480, pp. 586-551, 1910. 

» Gale, U. 8., and Richards, R. W., op. clt., pp. 461-462. 

"Richarda, B. W., and Mansfield, G. R., Preliminary report on a portion of the Idaho 
phosphate reserve : IT. 8. Geol. Survey Bnll. 470, pp. 376-377, 1911 ; Geology of the phos- 
phate deposits northeast of Georgetown, Idaho: U. 8. Geol. Survey Bull. 577, p. 74, 
1914. 

"* Bladcwelder, BUiot, The geologic rOle of phosphorus : Am. Jour. Sci., 4th ser., vol. 42, 
pp. 285-298, 1916. 

** Blackwelder, Eliot, Origin of the Rocky Mountain phosphate deposits: Geol. Soc. 
America Ball., voL 26, pp. lOO-lOl, 1915. (Abstract.) 
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live material also, prevented the existence of organisms attached to 
the bottom, and most calcareous shells descending from the surface 
were probably dissolved by the abundant carbonic acid arising from 
decay. For physicochemical reasons, already partly imderstood, the 
phosphatic material was quickly redeposited in the form of hydrous 
calcium carbophosphates, locally filling, incrusting, and replacing 
shells, teeth, bones, and other material, but especially forming small 
rounded granules of colophanite and finally a phosphatic cement 
among all particles. The granular texture is ascribed chiefly to 
physicochemical conditions, such as result in the formation of oolitic 
greenalite, limonite, aragonite, and similar minerals. After having 
been formed in quiet water some of the granules were reached by 
bottom-scouring currents and incorporated in clastic deposits and 
in some places were strewn over eroded rock surfaces and so became 
constituents of basal conglomerates. 

The latest contributor to the discussion of the origin of the west- 
em phosphates is Pardee,*® who is inclined to look with disfavor 
upon the view that unusual or abundant sources supplied phos- 
phates rapidly to the sea. He points to the existence of glacial 
conditions elsewhere in Permian time and suggests that cool tem- 
peratures may have prevailed during the deposition of the western 
phosphates. Carbon dioxide (CO2) is retained most abundantly by 
waters of low temperature, and this gas is supplied not only from 
atmospheric sources but also from organic substances that decom- 
pose in sea water or on the sea floor. Conditions would thus be un- 
favorable for the growth of coralline limestone or for the chemical 
precipitation of lime. Moreover, in such waters limy objects would 
tend to be dissolved and the formation of limestones composed 
of shells and skeletons of marine organisms would be hindered. 
Therefore, on the assumption that the precipitation of phosphate 
was not checked, that material would accumulate in relatively pure 
form. The great volume of the deposit (see the estimates of ton- 
nage, p. 105) needs no further explanation than the continued or 
extensive application of the process that initiated the formation of 
the phosphate. 

The western phosphates are agreed by all who have seen them in 
the field to be original marine deposits, analogous to those of Tunis, 
Algeria, England," and Egypt, and to the blue phosphate of Ten- 
nessee. The physiographic conditions of their deposition are little 
known, but there are at least six lines of evidence which throw light 
upon the problem and from which it may be possible to deduce a 
working hypothesis. 

M Pardee, J. T., The Garrison and Phillpsbur? phosphate fields, Mont.: U. S. Geol. 
Surrey Boll. 640, pp. 225-228, 1917. 

^^ Blackwelder, Eliot, The geologic rOle of phosphorus : Am. Jour. Sci., 4th ser., vol. 42, 
94, 1918. 
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1. The fauna, according to Girty,®* is quite different from the 
Carboniferous faunas of the Mississippi Valley and even among 
western faunas has an extremely individual and novel f acips. Thus 
the area of deposition, though of great extent, must have been sepa- 
rated or nearly so from the main ocean. 

2. Analyses of higher-grade phosphate rock, like that which con- 
stitutes the main bed, show generally less than 12 per cent of SiOj, 
AljOg, FcjOg, and MgO, all added together.®* Silica forms the 
greater part of this amount, and some of it may be of organic ori- 
gin. It thus appears that detrital material from the land is largely 
absent from the deposit. This condition may be explained in sev- 
eral ways: The deposit ma^ have been laid down in relatively deep 
water, like some of the modern oozes; or the water of deposition, 
though shallow, may have been too far from land to receive much 
detritus from that source; or the lands adjacent to the waters of 
deposition may have been so low, through base-leveling or other- 
wise, that they furnished little clastic material to the sea; or, ac- 
cording to an earlier suggestion of Hayes,®* strong marine currents 
may have swept away the fine terrigenous material, leaving only 
the phosphatic oolites. The physiographic conditions changed from 
time to time during the deposition of the phosphatic shales, for beds 
of shale, sandstone, and limestone, some of which are more or less 
phosphatic, are interbedded with the more nearly pure phosphate. 

3. The period of deposition may have been long. The time re- 
quired for the deposition of -the phosphate beds and the accompany- 
ing Permian strata is not known, but some data permit suggestive 
comparisons. Though there is at least local unconformity at the 
base of the Phosphoria formation, this is not regarded as indicating 
any great time interval. The top of the formation nlay also be 
marked by an ifticonformity, and the faunal change above is very 
pronounced. The time interval here may be large, but, on the other 
hand, the faunal change may have been produced by the geographic 
changes of the late Permian or early Mesozoic without greater lapse 
of time here than elsewhere. The phosphatic shales, with which are 
grouped some nonphosphatic or lean shales, sandstones, and lime- 
stones, are about 160 feet thick, and of this thickness the actual beds 
of phosphate rock form only a small proportion. The Phosphoria 
formation as a whole, representing all the known Permian of the 
region, is about 500 feet thick. The Permian section in Kansas, 

"* Girty, O. H., The fauna of the phosphate beds of the Park City formation in Idaho, 
Wyoming, and Utah : U. S. Geol. Survey Bull. 436, p. 8, 1910. 

** Gale, H. S., and Richards, R. W., op. cit., p. 465. 

** Hayes, C. W., Tennessee phosphates : U. S. Geol. Surrey Seventeenth Ann. Rept., pt. 
2, p. 5d4, 1896. 
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according to Prosser,*" is about 2,000 feet thick ; in Texas the Permian 
formations are reported to be 5,000 feet thick ^ and in Oklahoma 
2,600 feet thick.^' If the^ deposits may be regarded as having been 
laid down during time intervals at all similar, it is obvious that 
the deposition of the Phosphoria formation of Idaho was at a much 
slower rate than the accumulation of Permian strata in the regions 
named farther east. It seems at least reasonable, therefore, to 
attribute the thickness, and richness of the phosphatic strata to long- 
continued slow deposition under conditions which excluded for con- 
siderable intervals the accumulation of terrigenous material and of 
carbonate of lime. 

4* The ordinary processes of bacterial decay give rise to ammonium 
phosphate, which, according to Clarke,*^ has been experimentally 
shown to react upon mineral substances in such manner as to pro- 
duce phosphates resembling those actually found. Blackwelder^ 
states that such experiments have been carried out by several investi- 
gators and that the conditions are such as may readily occur on the 
sea bottom where organic decomposition is in progress. Thus cal- 
careous shells become phosphatized, and even such organic material 
as excretory pellets and bits of wood is known to have been altered 
in the same way. Bones, which initially contained about 58 per cent 
of tricalcium phosphate, have their organic matter replaced by phos- 
phatic minerals, thus raising the ratio to 85 per cent or more. 

5. The oolitic texture so characteristic of much of the western 
phosphate is doubtless closely connected with the origin of the rock. 
In a well-presented discussion of the origin of oolites Brown ^ con- 
cludes that the older oolitic beds of Pennsylvania were probably all 
originally laid down as beds of calcareous oolites composed of the 
mineral aragonite. As this mineral is unstable under ordinary con- 
ditions of the formation of rocks it soon began to ichange. Where 
solutions carrying other substances, such as silica or iron, were 
present the oolites were more or less completely replaced — ^for ex- 
ample, the siliceous oolites or the Clinton ore. 

6. Calcareous oolites are now forming at a number of places, 
notably in the region of the Florida Keys and the Bahamas, where 

** Prosser, C. S., Revised classification of the upper Paleozoic formations of Kansas : 
Jour. Geology, vol. 10, pp. 70&-787. 1902. 

** Cummins, W. F., Report on the geology of northwestern Texas: Texas Geol. Survey 
Second Ann. Rept, p. 898, 1891. 

*^ Beede, J. W., Invertebrate paleontology of the upper Permian red beds of Oklahoma 
and the Panhandle of Texas : Kansas Univ. Sci. Bull., vol. 4, No. 8, p. 136, 1907. 

•• Clarke, F. W., The data of geochemistry, 8d ed. : U. 8. Geol. Survey Bull. 616, p. 
528, 1916. 

** Blackwelder, Eliot, The geologic rOle of phosphorus : Am. Jour. ScL, 4th ser., vol. 42, 
p. 294, 1916. 

^ Brown, T. C, Origin of oolites and the oolitic texture in rocks : Geol. Soc. America 
Bull., vol. 25, pp. 745-780, pis. 2&-28, 1914. 
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they have been studied by Drew ^ and Vaughan.' Drew has shown 
that in these regions denitrifying bacteria are very active and are 
precipitating enormous quantities of calcium carbonate largely in the 
form of aragonite. Vaughan shows that this chemically precipitated 
calcium carbonate forms spherulites or small balls, which, by accre- 
tion, may become oolitic grains of the usual size, or it may accumulate 
around a variety of nuclei to build such grains. He reaches the con- 
clusion that all marine oolites originally composed of calcium car- 
bonate, of whatever geologic age, may confidently be attributed to 
this process. Drew's studies of the distribution of denitrifying 
bacteria have shown them to be most prevalent in the shoal waters 
of the Tropics. In combining the results of Drew and Murray, 
Vaughan considers that great limestone formations, whether com- 
posed of organic or chemically precipitated calcium carbonate, were 
laid down in waters of which at least the surface temperatures were 
warm if not actually tropical. 

Among the deductions from the preceding data, which may serve 
as a partial tentative working hypothesis for the origin of the 
western phosphates, may be mentioned the following : 

1. The phosphatic oolites and their matrix were probably de- 
posited originally as carbonate of lime in the form of aragonite. 

2. The waters were probably shoal and of warm or moderate 
rather than of cold temperature. 

3. The lands that bordered the depositional area were low and 
furnished little sediment to the sea. Thus far the supposed depo- 
sitional conditions agree_with known modern conditions in the 
Florida region. 

4. The phosphatization of the oolitic deposit was probably sub- 
sequent to its deposition rather than coincident with it, for Drew 
shows that the activities of denitrifying bacteria reduce the nitrate 
content of the sea water and hence the growth of marine plants and 
of animals dependent upon them. Such conditions are favorable for 
the deposition of the carbonate but not of the phosphate of lime. 

5. Cooler temperature in the waters of deposition, perhaps induced 
by changes in the character or direction of marine currents, checked 
the activities of the denitrifying bacteria and hence the conditions 
favorable for the formation of oolitic limestone. At the same time 
plant and animal life increased in the waters and furnished the de- 
caying matter necessary for the phosphatization of the oolitic lime- 

' Drew, O. H., On the precipitation of calcium carbonate In the sea by marine bacteria, 
and on the action of denitrifying bacteria In tropical and temperate seas : Carnegie Inst. 
Wasbinerton Pub, 182, Papers from the Tortugas Laboratory, vol. 5, pp. 9-53, 1914. 

* Vaughan, T. W., Preliminary remarks on the geology of the Bahamas, with special 
reference to the origin of the Bahaman and Floridlan oolites : Carnegie Inst. Washington 
Pnb. 182, Papers from the Tortugas Laboratory, vol. 6, pp. 47-54, 1914. 
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stone in the general manner set forth in Blackwelder^s aceount given 
above. Perhaps Pardee's idea of glacial climate may have a bearing 
in this connection. 

6. The temperature change may have been sufficiently abrupt to 
cause the death of multitudes of certain marine animals, as suggested 
in Blackwelder's account. This material would be sufficient to pro- 
duce a fairly rapid phosphatization of the oolitic limestone. Such 
an assumption, however, is not compulsory, because the phosphatic 
shales as a whole were doubtless formed slowly, and there was time 
for sufficient accumulation and trituration of organic remains to pro* 
duce the observed phosphatization before the moderate crustal 
changes that permitted the introduction of the clastic material which 
buried the phosphate bed. 

7. The conditions set forth above, which were outlined particularly 
with reference to the main phosphate bed, probably were repeated 
on a less extensive scale for the lesser beds. Shaly partings or minor 
shale beds in the phosphate might be the result of local seaward 
drift of land-derived silts after some unusual or protracted storm. 

8. The sea in which the phosphate was deposited was closed on 
the east, south, and west but may have had connections with the 
ocean northward and northwestward, for Girty* notes faunal re- 
semblances that are traceable into Alaska, Asia, and eastern Europe, 
and Adams and Dick^ report the discovery of phosphate at appa- 
rently the same horizon in Alberta. 

GOAL PBOSPEOTS. 

Two prospects for coal have been opened by the Indians in T. 7 S., 
R. 33 E. One of these prospects is in the NW. J SW. i sec. 23 and 
the other in the SW. J SW. J sec. 15. The prospect in sec. 23 was 
opened in carbonaceous plant-bearing shales associated with the 
Tertiary rocks. Specimens of these plant remains were collected and 
submitted to F, H. Knowlton, of the Survey, for identification, but 
they proved to be fragments of bark and stems that were not deter- 
minable. There are two small pits about 20 feet apart, each exposing 
about 2J feet of beds. The rock is too shaly to be of value for coal. 

The prospect in sec. 15 is opened in a small, nearly vertical dike 
of obsidian or black volcanic glass that is intruded between basalt 
and white volcanic ash. The ash is here baked and discolored 
brown. This prospect is locally called the Smut mine. There are 
three small pits on a low knoll just north of the high basalt hills, 
east of Bannock Valley. Several tons of the basalt have been re- 
moved in the process of making the openings. 

* Glrty, G. H., op. dt, p. 9. 

* Adams, F. D., and Dick, W. J., Discovery of phosphate of lime in the Rocky Moan- 
tains : Canada Commission of Conservation, Ottawa, 1916. 
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METALLirEBOXJS DEPOSITS. 

Prospects. — ^In the saddle south of Bannock Peak, near the center 
of sec. 34, T. 9 S., E. 32 E., an old abandoned shaft and a dump 
were found. The material on the dump was highly ferruginous but 
showed no valuable minerals. A similar ferruginous zone, not pros- 
pected, was found on the ridge in the SE. \ SE. \ sec. 25 that leads 
to the high rocky hill to the northeast. At this locality there were 
large float fragments 21 to 8 feet thiqk of highly ferruginous ma- 
terial. The actual vein was not seen. An assay of a sample of this 
material showed only a faint trace of gold. 

Gold pldcers, — ^The Fort Hall Indian Reservation includes along 
Snake Kiver some placer deposits of fine gold that have been locally 
prospected and worked in the region of the Fort Hall bottoms. 
Horse Island, which lies just outside the reservation and is really a 
continuation of the Fort Hall bottoms, also contains placers that 
have been worked. These deposits have been described by Hill," 
from whose account the following statement is compiled. 

The bottoms have an average eleVation of 8 to 10 feet above the 
normal water level of Snake River. Water stands 2 feet below the 
surface at the north end of the bottoms and 9 feet below at the south 
end. 

Gray to black sandy loam that locally contains considerable clay 
forms most of the surface material, but gravels occur at a few places, 
irregularly distributed over the bottoms. In general, the gravel bars 
do not cover much more than an acre, but here and there they cover 
several acres. The bars are more numerous and larger nearer the 
rivier. 

There is no doubt that gravels similar to those along the present 
channel of Snake River underlie all the Fort Hall bottoms. The 
sandy loam extends from 2 feet to 12 feet below the surface. 

From the distribution of the gravels it is thought that they repre- 
sent the tops of buried bars, such as are now found along the present 
channel of the Snake, and from analogy it is thought that the rich 
gravels are of rather small extent, corresponding to the skim-bar 
gravels of the present stream. 

Bedrock was not found in the Fort Hall bottoms. Basalt forms 
the west bank of the river at several places but does not occur east 
of the river. Similar gravels overlie partly consolidated clayey 
sand in the terrace east of the bottoms, and these may prove to be 
the bedrock of the bottoms. Lava 10 feet thick, which has a strong 
westerly dip, was encountered at a depth of 75 feet in a well in the 
vicinity of the Fort Hall Agency. On account of its pronounced 

* HIU, J. M., Notes on the fine gold of Snake Blver, Idaho : U. S. Qeol. Survey Bull. 
620, pp. 271-294^ 1915. 
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westerly dip it would probably be found at considerable depth if 
it extended under the bottoms. 

The gravels of the Fort Hall bottoms average less than 1 cent 
to the yard in gold. The skim-bar gravels, which have been worked 
each year after high water, carry at least 65 cents a yard in fine gold 
and perhaps as much as $2 to $3 a yard. The skim bars, however, 
form a minor part of the total amount of the gravels of the Fort Hall 
bottoms. 

Considerable placer mining has been done in the past on Horse 
Island, but of late the gravels have received little attention. The 
surface of the island is 6 to 10 feet above the normal water level 
of Snake River, and conditions are generally similar to those of the 
Fort Hall bottoms. 

Rockers were used in working most of these gravels, though some 
on the Elliott ground at the north end of the island were worked with 
a "machine." Horse-drawn scrapers were used to remove the soil 
and at the machine settings to bring the gravels from the pit to the 
sluice. ^ 

Apparently the pay gravels follow more or less well-defined lines 
or bars, which have a somewhat crescentric shape and are the tops of 
old high-water bars like those that are deposited in the present 
stream channel. 

Fort Hall inining disttnct. — In the vicinity of Pocatello, south 
of the reservation, there are a number of metalliferous prospects 
which comprise what has been called the Fort Hall mining district. 
This region has been described by Weeks and Heikes ^ and by Bell. 

The following notes are furnished by E. L. Jones, jr., who ex- 
amined the ore deposits of the Fort Hall district in September, 1916, 
for data to be incorporated in a general report on the ore deposits of 
the State. There are numerous prospects in the Fort Hall district, 
but only two of them have produced small quantities of ore — the 
Moonlight of the Pocatello Gold & Copper Mining Co., 9 miles north- 
east of Pocatello, and the Fort Hall Mining Co., 8 miles southeast 
of Pocatello. From the Moonlight mine two carloads of ore were 
shipped in 1904, and in 1916 a shipment of 9 tons, which had an 
average content of 22 per cent copper, 8.3 ounces silver, and 0.005 
ounce gold to the ton, was sorted from the dirnips. The deposits are 
small irregular replacements along fractures in a conglomeratic shale 
of Ordovician (?) age. Underlying the conglomeratic shale and 
intercalated with other shale beds there are masses of schistose gray 
and green igneous rocks that are probably altered disabase. The 
ore is mainly chalcopyrite, which is replaced near the surface by 
secondary minerals — chalcocite, bomite, and malachite. The Fort 

'Weeks, P. B.. and Heikes, V. C, Notes on the Fort Hall mining district, Idaho: U. 8. 
Geol. Survey Bull. 840, pp. 175-188, 1908. 
• Bell, R. N., Reports of the Idaho State Inspector of Mines, 190^1912. 
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Hall mine is opened by 8,000 feet of tunnels and drifts which cut 
conglomerate, shale, sandstone, quartzite, and limestone beds of 
Ordovician (?) age. The ore occurs as veins and seams in a sharply 
folded limestone bed, and it is composed of chalcopyrite, pyrite, and 
subordinate galena in a calcite and quartz gangue. Two carloads 
of ore have been shipped from the property, the last one in 1916. 

VOLCANIC ASH. 

In different localities in the reservation, including parts of Tps. 
7, 8, and 9 S., R. 32 E. ; Tps. 6, 7, 8, and 9 S., R. 33 E. ; Tps. 4 and 5 
S., E. 35 E. ; Tps. 3 and 4 S., R. 36 E., and probably other townships, 
there are extensive deposits of wliite volcanic ash included in the 
Tertiary rocks. In some exposures beds 30 to 50 feet thick have 
been observed. (See PL XI.) With the kind assistance of H. 6. 
Ferguson the writer examined under the microscope some of the 
material of better grade. It contained very little extraneous mat- 
ter and consisted largely of tiny fragments of volcanic glass and some 
glassy feldspar. The fragments of glass contaiil tiny tubes and 
vesicles and some crystallites. The ash is mostly consolidated into 
beds that break into easily friable pieces. 

A characteristic sample of the better material, when crumbled be- 
tween the fingers, all passed 'through a 40-mesh screen and about 
three-fourths of the sample passed through a 100-mesh screen, form- 
ing a fine white flour. 

The material resembles the ash of Nebraska as described by Mer- 
rill,® Barbour,^® and others and also resembles material collected by 
Peale in Idaho and Montana and described by Merrill.^^- Some of 
the samples thus described were taken by Peale from Marsh Creek 
and the Portneuf Canyon, regions adjacent to the Fort Hall Indian 
Reservation. MerriU gives the following analysis of the sample from 
Portneuf Canyon: 

Analysis of sample of volcanic a^fh from Portneuf Canyon, Idaho^ 

IjOiition 6.00 

Water 1. 60 

Fe^Ojj and Al^O^ - 16.22 

SIO, 68.92 

CaO 1. 62 

Mgt) Trace. 

Na/) 1.56 

KjO 4.00 

99.92 

* Merrill, G. P., U. S. Nat. Mns. Proc., yoL 8, p. 99, 1885. 

^ Barbour, E. H., The deposits of volcanic ash in Nebraska : Ann. Rept. Nebraska State 
Board Agrr., 1806. 

^* Merrill, G. P., Notes on the composition of certain " Pliocene sandstones *' fr 
Montana and Idaho : Am. Jour. Scl.. 3d ser., vol. 82, pp. 199-204, 1886. 

» Merrill, 6. P., idem, pp. 201-202. 
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The sample yielded water readily in the closed tube and fused 
readily with swelling before the blowpipe. Many of the fragments 
contained bubbles and tubelike cavities. 

The Nebraska ash finds many uses. Under the name ^'pumice'' 
it is used in scouring and polishing preparations. Similar uses may 
some day be found for the abundant ash deposits of the reservation. 

SOIIiS. 

The soil of the Fort Hall bottoms, which is composed of recent 
alluvimn, is mostly a fine light-grayish clayey soil with an inter- 
mixture of a small amount of fine sand. It is very calcareous and 
readily effervesces with dilute hydrochloric acid. Qualitative tests 
show no water-soluble carbonates and slight traces, if any, of sul- 
phates and chlorides. Fremont, in his exploring expedition of 
184^-44, collected a sample of the soil from the river bottom near 
Fort Hall, which was then a trading post of the Hudson Bay Co., 
on Portneuf Biver, about 9 miles above the mouth. He gives the 
following analysis of the sample : ^* 

Analysis of soU in river bottom near Fort Hall. 



• 



Silica 68. 55 

Alumina 7. 45 

Carbonate of line 8.51 

Carbonate of magnesia 5.09 

Oxide of iron 1.40 

Organic vegetable matter 4. 74 

Water and loss 4.26 



100.00 

In some places the soil is more sandy and locally gravels appear. 
The moister areas are overgrown with rushes and other marsh 
plants. The drier meadows are utilized chiefly for their wild hay. 

The Gibson terrace, which is composed of the older alluvium, has 
a more sandy soil and more gravels are exposed at the surface. The 
soil appears to be chemically similar to that of the Fort Hall bot- 
toms below. This flat is farmed and yields excellent crops of po- 
tatoes, alfalfa, and some grain outside the reservation, where water 
is available for irrigation. It is also being farmed to some extent 
within the reservation. 

Where the volcanic sand overlies the surface in more than mere 
thin patches the soil is coarse, incoherent, and of little value for 
agriculture. 

» Fi^mont, J. C, Narrative of the exploring ezpeditioii to the Rocky MoimtalnB In the 
rear 1842 and to Oregon and north California In the years 1848-44^ p. 164^ London, 
JS4& 
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The soils of the sloping bench lands are relatively fine and cal- 
careous, suitable in many places for dry farming and in the lower 
areas capable of irrigation. 

WATER RESOURCES OF THE FORT HALL. INDIAN 

RESERVATION. 

By W. B. Hkboy. 
FIELD WOBK AND ACKNOWLEDGMENTS. 

In order to make this report cover with some degree of fullness 
the natural resources of the Fort Hall Indian Eeservation the writer 
was requested to prepare a discussion of the water supply. Ac- 
cordingly, a short period in the fall of 1914 was spent in the field 
in obtaining data, chiefly with reference to underground watere. 
The statements made regarding wells and the occurrence of ground 
water on the reservation rest on the information obtained at that 
time. (See PI. XIII, p. 133.) 

The records of stream flow have been obtained from the records 
of the United States Geological Survey. The discussion of water 
power is largely based upon an unpublished report by E. C. La Kue, 
hydraulic engineer of the United States Geological Survey. Data 
concerning the Fort Hall irrigation project were in the main obtained 
from a report by R. J. Ward, of the Indian Irrigation Service, which 
was courteously lent by W. M. Reed, chief engineer of the service. 

STJB7ACE WATEB. 
SNAKE RIVER BASIN. 

The Fort Hall Indian Reservation lies entirely within the area 
drained by Snake River and its tributaries, although the extreme 
south end of the reservation is but a short distance from the divide 
between the Snake River and Bear River basins. 

Snake River forms the northwest boundary of the reservation for 
a distance of about 25 miles from the mouth of Blackfoot River to 
that of Portneuf River. Throughout this portion of its course the 
Snake flows in general through a broad alluvial valley, though its 
northwest bank is here and there bordered by cliffs which mark the 
easternmost extension of the Snake River lava. The channel of the 
river is in most places only a few feet below the level of the valley, 
but in some places steep gravel banks 15 feet high have been cut on 
the outside of bends. The gradient, which is only about 2^ feet to 
the mile, is not uniformly distributed, and the course of the river is 
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broken into rapids and reaches. Tlie large volume of water carried 
at ordinary stages results in a swift current over the rapids. Con-^ 
sequently the river is not navigable, except for small boats or canoes, 
and then only with the current. 

In volume of flow and drainage area Snalse River ranks among 
the great rivers of the United States. Its headwaters rise in the 
Continental Divide along the greater part of the east boundary of 
Idaho and across part of western Wyoming. Originally it was 
called the Lewis Fork of Columbia River, after the explorer, but it 
takes its present name from tlie Shoshones, or Snake Indians, many 
of whom now have their homes in the Fort Hall Reservation. The 
main stream, which rises in the southern part of Yellowstone 
National Park, flows southward through Jackson Valley in Wyo- 
ming and then turns westward into Idaho. Most of its course in 
eastern Idaho is through a deep canyon, from which it emerges a few 
miles east of Idaho Falls. Here it is joined by Henrys Fork, a large 
tributary which has its origin in Henrys Lake, in the extreme north- 
east corner of southern Idaho. 

In view of the importance of Snake River \o southern Idaho, both 
for irrigation and for power, much care has been exercised in de- 
termining the volume of water which it carries. A number of 
gaging stations have been establislied by the United States Geo- 
logical Survey, in part in cooperation with the State of Idaho and 
with other governmental agencies, for measuring the flow of the 
river. One of these stations was established on June 6, 1910, in 
sec. 31, T. 3 S., R. 34 E. Boise meridian, about 10 miles southwest 
of Blackfoot and about a quarter of a mile below the mouth of 
Blackfoot River. The measurements at this station, which is located 
in part on the reservation, indicate tlie amount of water which 
enters that part of Snake River which forms the west border of the 
reservation. The flow of the river at this station is affected both 
by.the irrigation diversions above and by water released from stor- 
age so that it does not represent the normal volume of the river 
The observations made at this station have been published in detail 
in other reports of the United States Geological Survey," and only a 
summary of the results obtained is given here. The following table 
gives the flow of Snake River at this station for the period of record : 

" U. S. Oeol. Survey Water-Supply Papers 292, pp. 295-297, 1918 ; 812, pp. 270, 271, 
1915 ; 882, pp. 285-287, 1916. 
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Monthly discharge of ^ake River near Blackfoot, Idaho, for 1910-1914' 



Month. 



Jaly. 



1910. 



August 

September. 



The period. 

October 

November 

December 

January 

Teimary 

Mareh 

r-.:::::::::::: 

Jane 

July 

August 

September 



1910-11. 



The vear. 



October 

November... 

December 

January 

February. 

March..: 

April 

May 



1911-12. 



June. 

July 

.August 

September. 



The year. 



October.... 
November. 
December.. 

January 

February. . 
March... .«. 
Anrfl....^. 



1912-13. 



Ann 
May 



June 

July 

August 

September. 



The yesir. 



October.... 
November. 
December.. 

January 

February.. 
March...... 

Ai 



1913-14. 



r:: 



June... 

July 

August 

September. 



The year. 



Discharge in seoond-feet. 



M ft'^^TiiiTn . 



17,100 
9,510 
1,050 
1,920 



2,900 

3,780 

3,870 

5,870 

7,270 

5,620 

9,450 

18,800 

32,900 

21,900 

6,860 

3,700 



32,900 



4,120 

4,850 

6,090 

5,090 

4,040 

3,660 

5,320 

24,100 

34,000 

25,500 

12,200 

11,300 



lOnimum. 



34,000 



7,760 

6,860 

5,090 

3,790 

3,980 

6,230 

17,900 

32,400 

32,400 

22,000 

12,800 

9,000 



32,400 



6,640 

6,360 

5,370 

4,800 

4,480 

4,280 

16,500 

24,400 

35,500 

10.800 

5,610 

6,960 

35,500 



3,560 
890 
238 

1,120 



1,570 
2,900 
2,270 
2,140 
2,270 
2,200 
3,610 
9,170 
14,800 
1,300 
625 
2,520 



625 



2,680 
2,410 
2,410 
3,140 
2,820 
2,820 
3,140 
6,800 
19,400 
4,000 
2,660 
6,260 



2,410 



6,310 
4,870 
3,140 
1,920 
2,770 
3,610 
6,500 
12,400 
15,300 
3,890 
2,620 
6,100 



1,920 



5,610 
5,370 
2,690 
2,930 
2,130 
3,700 
3,700 
13,200 
11,600 
3,170 
2,470 
2,850 

2,130 



Mean. 



8,250 

3,960 

469 

1,540' 



2,430 
3,410 
3,230 
3,250 
3,870 
4,000 
4,960 
14,800 
25,600 
9,200 
3,620 
3,150 



6,780 



I 

3,650 

3,850 

3,900 

3,950 

3,420 

3,210 

4,240 

13,700 

26,600 

13,000 

7,970 

9,170 



8,050 



6,970 

6,840 

3,940 

3,110 

3,330 

4,190 

10,100 

19,500 

25,000 

12,500 

6,250 

7,710 



8,970 



6,010 
6,710 
4,150 
4,060 
3,360 
3,960 
9,650 
18,000 
21,100 
6,360 
3,700 
4,360 

7,640 



Run-ofl in 
acre-feet. 



409,000 

243,000 

28,800 

91,600 



772,400 



149,000 
203,000 
499,000 
200,000 
215,000 
246,000 
395,000 
910,000 
1,500,000 
666,000 
216,000 
187,000 



4,910,000 



224,000 
229,000 
240,000 
243,000 
197,000 
197,000 
262,000 
842,000 
1,580,000 
799,000 
490,000 
546,000 



6,840,000 



429,000 
348,000 
342,000 
191,000 
185,000 
256,000 
601,000 
1,200,000 
1,490,000 
760,000 
323,000 
450,000 



6,500,000 



370,000 
340,000 
266,000 
250,000 
187,000 
343,000 
674,000 
1,110,000 
1,200,000 
391,000 
228,000 
269,000 

5,^470,000 
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The next station below the Blackfoot station is at Neeley, Idaho. 
Portneuf River and Bannock Creek and large amounts of spring 
water enter Snake River between these stations. The station at 
Neeley, which was established March 17, 1906, is the oldest on the 
river, and the record which has been obtained there is of great value 
in the interpretation of the flow of the river and in the formulation 
of plans for its utilization. The hydrometric data procured at the 
Neeley station have been published in the water-supply papers of the 
United States (Jeological Survey." 

This record may be regarded as a continuation of that obtained 
at Montgomery's Ferry near Minidoka during the years 1895-1899 
and 1901-1910. There is not much inflow and practically no diver- 
sions between those stations. 

Snake River probably receives a relatively small amount of direct 
inflow from the Fort Hall Indian Reservation, but its tributaries, 
Blackfoot River, Portneuf River, and Bannock Creek, which drain 
most of the reservation, are important streams. > 

BLACKFOOT RIVER BASIN. 

Blackfoot River forms the north boundary of the reservation from 
the northeast comer to its confluence with the Snake. The sources of 
Blackfoot River are chiefly in the Preuss Range, 40 miles east of the 
reservation, in a region of high relief, well forested, and yielding a 
high run-off. After leaving the mountains the river flows on the 
surface of an extensive lava plateau. This plateau extends in general 
from the Caribou, Preuss, and Aspen ranges on the east to the 
Portneuf Range on the west. It is not continuous, however, for many 
hills and mountains which antedate the lava sheet project through it 
and break up the surface of the plateau into a number of inter- 
mountain areas. 

Throughout the eastern part of this lava plateau Blackfoot River 
flows with a gentle gradient through an open valley that is but 
slightly intrenched in the lava surface. In T. 6 S., R. 40 E., the river 
enters a canyon (PL XII) through which it flows for a distance of 
about 40 miles. The depth of the canyon is at first moderate, but it 
gradually increases northwestward and reaches a maximum in T. 3 S., 
R. 38 E. Here the black basalt walls are about 400 feet high, very 
steep, in fact, vertical, and in places but a few hundred feet apart. 
The gradient of the stream through portions of the canyon is about 
100 feet to the mile, and the white and green turbulent waters of the 



«U. S. Gwl. Survey Water-Supply Papers 214, p. 76, 1007; 252, pp. 212-214, 1910; 
272, pp. 255-267, 1911; 292, pp. 297-800, 1918; 812, pp. 271-278, 1915; 882, pp. 
287-299, 1916 ; 862, pp. 26&-271, 1917 ; 898, pp. 24-26, 1916 ; 418, pp. 27-28, 1918. 
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river rushing through the blackness of the canyon present an im- 
pressive picture. 

After leaving the canyon in sec. 11, T. 2 S., K. 37 E., the river enters 
the valley of Snake Kiver, which here flows across a broad plain that 
was developed in the Gibson cycle, as described by Mr. Mansfield. 
In an earlier cycle Blackf oot Biver built a large alluvial fan at the 
mouth of the canyon. Much of this deposit has since been removed by 
the stream, but the uneroded portion now forms a terrace on the north 
side of the river. Across the valley of Snake Biver the Blackfoot 
flows practically on the Gibson surface, and has a slight gradient. 
The drainage basin of Blackfoot Biver has an area of about 1,070 
square miles. 

Gaging stations for measuring the flow of Blackfoot Biver have 
been established at several points along its course. The first of these 
stations was established April 17, 1903, near Presto, a former post 
office that was located about 5 miles below the mouth of the canyon. 
This station was discontinued December 31, 1909. It has, however, 
been practically replaced by a station that was established Jmie 26, 
1909, at a more favorable location about 1^ miles above the mouth of 
the canyon. The measurements obtained at this station, known as 
" Blackfoot Biver near Shelley, Idaho," indicate the entire flow of 
the river, as there are no large tributaries below and no diversions of 
consequence above. The observations at the Presto station have been 
published in water-supply papers,^' and only a siunmary of the dis- 
charge of the river as computed therefrom is given here. 

Monthly discharge of Blackfoot River near Presto^ Idaho, for 190Jhi909. 



Month. 



1904. 



July... 

Angost. 

S^tem 

O ctober ... 

Noivaxkbor 



1*10... 
The period. 



lCftreb&-31. 

June 

July. 
Ai 



1906. 



The period. 



Discharge in second-feet. 



M llTJinfiin- 



975 
216 
182 
216 
260 
269 
269 



335 
498 
606 
233 
121 
536 
121 



Minimnm. 



233 
150 
150 
182 
216 
216 
216 



166 

269 

242 

142 

76 

64 

82 



Mean. 



536 
179 
161 
198 
251 
230 
238 



Rnn-cffln 
acre-feet. 



256 
412 
368 
183 

91.2 
100 

80.0 



31,890 
11,010 

9,900 
11,780 
15,430 
13,680 

4,721 



08,410 



13,710 

24,520 

22,630 

10,800 

5,608 

6,149 

5,296 



88,000 



^ V. B. deol. Surrey Water-Supply Papers 185, p. 186, 1905 ; 178, p. 106, 1906 ; 214, 
p. 84, 1907 ; 262. p. 281, 1910 ; 272, p. 284^ 1911. 
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Monthly dincharge of Blackfoot River near Prento, Idaho, for 190^-1909 — Ck>ntd. 



Month. 



Discharg* In aeoond-fMt. 



October.... 
Norember. 
December. 
January.... 
February. . 

ICarch 

April 

May 

June 

July 

AufTUSt 

September. 



190(^. 



The year. 



October... 

November. 
December. 
January... 
February. 
March 



1906-7. 



April. 
May. 

June. 



July. 

August 

September. 



The year. 



October.... 
November. 
December.. 

January 

February.. 

March 

April 

May 

June 

July 

Aufoist 

September. 



1907-8. 



The year. 



October 

November. 
December.. 

January 

Febniary. . 

March 

ApriL 

May 

June 

July 

August 

September. 



190&-9. 



The year. 



October... 
November. 
December. 



1909. 



The period. 



MaTlmnm. 



ISO 
166 
216 



S49 

1.850 
1,040 
960 
290 
162 
215 



Minimum. 



253 
273 



458 

470 

2,870 

1,590 

1,290 

714 

814 

283 



867 
378 
422 



470 
792 
447 
696 
284 
159 
175 



284 

274 

264 

344 

284 

264 

1,960 

1,960 

1,680 

566 

263 

356 



378 



121 
121 
107 



150 
602 
272 
100 

88 
154 



Mean. 



138 
145 
177 
olSO 
•150 
196 
552 
813 
582 
179 
113 
183 



197 



234 
400 
1,270 
766 
293 
224 
253 



283 
335 



411 
284 
804 
124 
117 
130 



167 
227 

200 
227 
175 
227 
1,440 
578 
253 
197 
234 



225 

254 

0250 

0260 

304 

321 

1,460 

1,430 

1,020 

891 

256 

209 



328 
866 
809 
«2S0 
a200 
291 
578 
339 
491 
163 
134 
149 



237 
249 
217 
246 
260 
222 
660 
1,700 
1,060 
864 
227 
282 



215 



336 

352 

a500 



RuiHiffln 



8,485 

8,C28 

10,880 

9,220 

8.330 

12,100 

82,800 

60,000 

84,600 

11,000 

6,950 

10,900 



204,000 



18,800 
15,100 
15,400 
15,400 
16,900 
19,700 
86,900 
87,900 
60,700 
24,000 
15,700 
16,000 



887,000 



20,200 

21.800 

19,000 

15,400 

AhSOD 

17,900 

84,400 

20,800 

29,200 

^10,000 

8,240 

8,870 



217,000 



14,600 
14,800 
13,300 
15,100 
14,400 
13,600 
89,300 
105,000 
63,100 
22,400 
14,000 
16,800 



346,000 



20, 70b 
20,900 
80,700 



72,300 



a Estimated. 
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The data for the station near Shelley have also been published.^^ 
The following table gives the discharge of the river for the period of 
record as computed therefrom : 

Monthly discharge of Blackfoot River near Shelley, Idaho, for 1909-1914. 



Month. 



June 26-30. 

July 

Au^nist 

September. 
October.... 
November. 



1909. 



The period. 



Jooe 

July 

Aujlwt 

September. 



1910. 



The period. 



October... 
November. 
Becember.. 

January 

February. . 

March. 

AprlL 

May 

June 

July 

August.... 
September. 



1910-11. 



The year. 



October... 
Novem ber. 
December.. 
January.... 
February.. 
March...... 

April. 

May 

June 

July 

August 

September. 



1911-12. 



The year. 



October 

November. . 
I>eeember.. 

January 

February. . . 

March. 

April 

May 

June , 

July 

August 

September. . 



1912-13. 



Discharge in second-feet. 



Maximum. 



The year. 



757 
680 
2S4 
304 
343 



1,100 
1,060 
236 
166 
600 
659 



109 
86 

111 
653 
277 
326 
432 
216 
636 
422 
308 
196 



M^Ti^'"""' 



636 



121 

83 

68 

97 

149 

114 

180 

649 

372 

490 

516 

490 



649 



531 

307 

93 

74 

238 

708 

1,280 

1,200 

1,000 

764 

764 

727 



•. 



1,280 



686 
808 
241 
248 
304 



988 
196 
168 
89 
107 
148 



69 

63 

60 

60 

36 

36 

138 

135 

130 

123 

130 

96 



36 



69 

66 

46 

56 

70 

80 

93 

160 

177 

S09 

418 

110 



Mean. 



649 
386 
262 
289 
336 
331 



Run-off in 
acre-feet. 



1,060 
588 

214 

89. 

349 

508 



).l 



85.4 
72.9 
73.1 

103 

104 

113 

210 

179 

261 

266 

210 

131 



161 



46 



820 

85 

65 

62 

61 

203 

796 

829 

682 

661 

684 

637 



61 



90.8 
65.8 
53.1 
76.6 
85.8 
90.6 

134 

442 

296 

374 

466 

420 



217 



487 

136 

79.6 

67.2 

122 

345 

1,040 

990 

828 

722 

720 

659 



518 



6,440 
23,700 
16,100 
17,200 
20,700 
19,700 



104,000 



60,400 
36,200 
12,700 
5,480 
21,500 
30,200 



166,000 



5,250 

4,340 

4,490 

6,330 

6,780 

6,950 

12,900 

11,000 

16,500 

16,400 

12,900 

7,800 



110,000 



5,680 

3,920 

3,260 

4,700 

4,940 

5,570 

7,970 

27,200 

17,600 

23,000 

28,700 

25,000 



157,000 



29,900 

8,090 

4,830 

4,130 

6,780 

21,200 

61,900 

60,900 

49,300 

44,400 

44,300 

39,200 



375,000 



'^U. S. Geo!. Surrey Water-Supply Papers 272, p. 282, 1911; 202, p. 883, 1913; 812, 
p. 800, 1916 ; 882, p. 821, 1916 ; 862, p. 807, 1917 ; 898, p. 57, 1916. 
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Monthly discharge of Blackfoot River near Shelley, Idaho, for 1909-1914 — Gon. 



Month. 



October... . 
November. 
Beoember. . 
January.... 
February.. 

March 

AorU 

l6y 

June 

July 

August 

September. 



1913-14. 



The year. 



Diaduuige in aecond-faet. 



Masdmnm. 



637 
147 



319 
704 
790 
897 
746 
702 
672 



897 



yinjinnni- 



133 
126 



96 
299 

614 
745 
696 
109 
137 



208 

IS8 

al58 

a 191 

a 142 

235 

544 

589 

807 

722 

559 

544 



404 



Run-off in 
acre-feet. 



12,800 

8,210 

9,720 

U,700 

7,890 

14,400 

32,400 

36,200 

48,000 

44,400 

34,400 

32,400 



293,000 



a Monthly mean estimated largely from records at station near Henry. 

A gaging station has also been established on Blackfoot Hiver near 
Henry, 1 mile below the dam of the Blackfoot River reservoir of the 
Indian Irrigation Service and approximately 37 miles above the 
Shelley station. The records of the measurements made at the Henry 
station indicate the amount of water released from storage. This 
station is not located on the reservation and those interested will 
find the records published elsewhere.** 

A number of small streams enter Blackfoot River between the 
Henry and the Shelley gaging stations. Several of these streams 
rise on the eastern slope of that portion of the Portneuf Range which 
extends northward into the reservation. The size of these tribu- 
taries may be judged from the following measurements made by 
E. C. La Rue, October 10-16, 1909, during the period of low flow: 
Deadman Creek, 0.39 second- foot; Beaver Creek, 0.86 second- foot; 
Wood Creek, 3.14 second- feet ; Tenmile Creek, 0.43 second-foot. 

Below the Shelley gaging station Garden and Lincoln creeks, which 
traverse the Fort; Hall Indian Reservation, are tributary to Black- 
foot River. Garden Creek is very small. Lincoln Creek drains an 
area of perhaps 40 square miles. Its flow is reported by E. C. La Rue 
to range from 3 to 75 second- feet. He estimated the discharge at a 
section half a mile above old Fort Hall to have been 3.8 second- feet 
on July 14, 1911. At low stages the flow of the stream sinks in the 
sand before reaching Blackfoot River. 

During the season of 1910 a number of discharge measurements 
were made of the flow of Blackfoot River near its mouth, which 
afford an indication of the degree of utilization of the water of 
Blackfoot River during the irrigation season: 



"U. S. Geol. Survey Water-Supply Papers 252, p. 231, 1910; 272, p. 279, 1911; 292. 
p. 881, 1918 ; 812, p. 298, 1915 ; 832, p. 818, 1916 ; 862, p. 805, 1917 ; 898, p. 56, 1916. 
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Ditcharge measurements of Blackfoot River near its mouth 6/urino the year 

ending Sept, SO, 1910, 

[W. R. King, hydrosrapher.] 



Date. 



July 30. 
Aog. 3. . 

8.. 

12. 



Qace 
hei^it. 



1.70 
1.51 
1.50 
1.50 



Dis- 
charge. 



8ec,4ett, 
20.4 
21.15 
21.2 
19.8 



Date. 



Aug. 17 
20 
25 



Oaee 
hel^t. 



Feet, 
1.50 
1.93 
2.42 



Dis- 
charge. 



Sec'feet, 
20.7 
69.0 
128.4 



PORTNEUF RIVER BASIK. 



Portneuf Hiver and its tributaries drain the greater part of the 
eastern and southern portions of the reservation.^* The river rises on 
the eastern slope of the northward extension within the reservation 
of the Portneuf Range, and a short distance below its source it enters 
a fairly broad intermontane valley, through which it flows southward 
for ^about 10 miles. In the vicinity of Chesterfield, near the boundary 
of the reservation, this valley opens into a broad lava plain, which re- 
sembles that in the upper portion of the Blackfoot Eiver drainage. 
This lava plain, called Portneuf Valley, has an average width of 
about 6 miles, an elevation of 5,300 to 5,500 feet, and a length of about 
25 miles southeastward to Bear River. 

Portneuf River flows southward along the west margin of the 
valley for about 8 miles and then leaves through a gap near the 
southwest corner. In this valley Topons Creek is tributary to Port- 
Deuf River from the west, and Eighteenmile, Moses, and Twentyf our- 
mile creeks from the east. 

After leaving Portneuf Valley the river flows southward for about 
10 miles and then westward for about the same distance through a 
picturesque canyon cut across the Portneuf Range. In this portion 
of its course the Portneuf has a steep gradient and falls about 600 
feet between Pebble and McCammon. Pebble Creek, Fish Creek, 
and Dempsey Creek are the largest tributaries, each draining a por- 
tion of the Portneuf Range. Near Dempsey a number of hot springs 
add materially to the flow of the river. 

At McCammon Portneuf River enters Marsh Valley, a broad 
structural valley which lies between the Portneuf and Bannock 
ranges. The river takes a northward course along the east side of 
Marsh Valley for a distance of about 10 miles. This valley is drained 
chiefly by Marsh Creek, which flows northward along the center of 

^ Portneuf River is stated by Capt. Nathaniel J. Wyeth to have been named ** from 
a man killed near it '* : The correspondence and Journals of Capt. Nathaniel J. Wyeth, 
1881-1886 : Sources of Oregon History, vol. 1, pts. 8-6 incl., p. 162, Oregon Univ., Contrib. 
Dept Economics and History, Bngene, Oreg., 1899. 
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the valley and, after paralleling Portneuf River for a considerable 
distance, finally joins it. 

• The river leaves Marsh Valley through a deep, gorgelike valley 
cut across the Bannock Range, flows with a moderate slope west- 
ward for about 6 miles and then turns to the northwest into a more 
open valley, in which lies the city of Pocatello. Rapid Creek, Indian 
Creek, City Creek, and Pocatello Creek are the more important 
tributaries in this vicinity. 

Westward from Pocatello the river is intrenched in the alluvial 
deposits of the Gibson cycle. Its valley gradually broadens to the 
west and merges into the recent flood plain of Snake River, locally 
called the " Fort Hall bottoms." The lower 12 miles of its course 
is across the reservation. Across the flood plain the stream is slug- 
gish. Near its mouth it receives a large volume of water from Ross 
Fork and Spring Creek. 

No station for measuring the flow of Portneuf River has been 
maintained on the reservation. On September 8, 1910, a station was 
established near Pebble, in sec. 26, T. 7 S., R 38 E., on the west side 
of Portneuf Valley. The data obtained at this station have been 
published in several water-supply papers*** and a summary of the 
discharge of the river at this station follows : 

Monthly discharge of Portneuf River near Pebble, Idaho, for 1910-1919. 



Month. 



Discharge In secoDd-feet. 



Maximum. 



Minimum. 



Mean. 



Run-off in 
acro-feet. 



September 8-30. 

October 

November 

Deounber 



IMO. 



The period. 



October.... 
November. 
December.. 
January.... 
February.. 

March 

April 

May 

June 

July 

August 

September. 



1910-11. 



The year. 



October... 
November. 
December. 
January... 
February.. 
March 



1911-12. 



43 
47 
66 
66 



47 
66 

624 

AAA 

340 
249 
233 
152 
102 
56 
56 



624 



66 
76 
43 
52 
52 
72 



39 
47 
47 
39 



39.3 
47.0 
51.5 
62.6 



47 
47 
39 
47 
56 
56 
117 
165 
73 
45 
32 
30 



47.0 
51.5 
52.6 
00.6 

115 

202 

163 

190 

113 
61.1 
42.8 
45.7 



32 



98.6 



47 
39 
39 
39 
46 
46 



56.8 
55.8 
40.4 
45.8 
4a8 
54.5 



1,790 
2,800 
3,060 
S,230 



11,000 



2.80O 
3,000 
3,230 
6,120 
6,300 

12,400 
9,700 

11,TOO 
6,720 
3,760 
2,630 
2,720 



n,300 



3,490 
3,320 
3,480 
2,820 
2,810 
3,350 



*> U. S. Geol. Survey Water-Supply Papers 202, p. 840, 1918 ; 812, p. 808, 1916 ; 882, p. 
844, 1916 ; 862, p. 886, 1917, 
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MoniMy discharge of Portneuf River near Pebble, Idaho, for 1910-1913 — Contd. 



Month. 



Ai 

June 

July 

AuglBt.... 
September. 



The year. 



Oetolwr 

Norember. . . 

Dsoember 

January 

Febmary.... 
Mardi 



1012-13. 



Jnne. 

July 

Angttft 1-15. 



The period. 



Discharge in seoond-feet. 



ICaxlmnm. 



312 
365 
317 

98 
77 
57 



365 



120 

103 

51 

49 

51 

462 

537 

216 

144 

132 

78 



Minimum. 



62 
126 
109 
39 
50 
46 



48 
45 
36 
34 
49 
49 
140 
94 
82 
54 
41 



Mean. 



176 

247 

220 
66.8 
62.2 
60.5 



93.6 



72.6 

67 

40 

42.6 

50.3 

89.9 

206 

173 

113 
74.6 
57.1 



Run-off in 
acre-feet. 



10,600 

15.200 

1.3,100 

4,110 

3,820 

3,000 



68,000 



4,660 
3,990 
2,460 
2,620 
2,790 
5,530 
12,300 
10,600 

e,7ao 

4,600 
1,700 



57,800 



The station near Pebble was discontinued on August 15, 1913. At 
the beginning of that year, however, a station was established at 
a point in. sec. 23, T. 9 S., R. 37 E., 16 miles downstream from the 
Pebble station. The new station, at Topaz, is in th6 lower part of 
Portneuf Canyon and a short distance above the headgate of the 
main canal of the Portneuf-Marsh Valley Irrigation Co. A sum- 
mary of the discharge at this station follows : 

Monthly discharge of Portneuf River at Topaz, Idaho, for 1919 and 19H, 



Month. 



Discharge in seoond-feet. 



January 12-31. 

February 

March 

April 

iSy 

Jme. ......... 

July. 



1013. 



M i » xi"m »" 



August.... 
September. 



The period. 



October.... 
November. . 
December.. 

January 

February.. 

March 

April... ... 

May 

Jane 

July 

August 

September. . 



1913-14. 



The year. 



163 
211 
679 
902 
449 
247 
285 
186 
170 



Mlnlmnin. 



202 

186 
194 
211 
512 
770 
593 
665 
368 
285 
285 



770 



156 
163 
202 
251 
266 
.1.70 
156 
128 
141 



163 
194 
170 
170 
170 
202 
346 
413 
285 
266 
178 
163 



163 



Mean. 



161 
184 
209 
412 
380 
196 
180 
150 
167 



185 
220 
180 
183 
189 
321 
575 
533 
373 
299 
230 
212 



292 



Run-off in 
acre-feet. 



0,350 
10,200 
16,500 
24,500 
23,400 
11,700 
n,600 
9,220 
9,340 



123,000 



11,400 
13,100 
11,100 
11,300 
10,600 
19,700 
34,200 
32,800 
22,200 
18,400 
14,100 
12,600 



211,000 
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A station was also maintained on Portneuf River near Pocatello 
for portions of the years 1897 to 1899. A new station was established 
within the city limits on August 31, 1911, below all important diver- 
sions. The flow at this station indicates the approximate flow of 
Portneuf River at the reservation boundary 6 miles below. The 
complete record at this station has been published by the Survey,*^ 
and only a summary of the discharge is given here. 

Monthly discharge of Portneuf River at PocateUo, Idaho, for 1912-1914. 



Discharige In aeoond-feot. 



Month. 



October... 
November. 
December. 
January..., 
Febraarr.. 

Mardi 

AprU 



1012-13. 



Maximum. 



376 
400 
353 



»y 

June 

July 

August 

September. 



The year. 



October.... 
November. 
December. . 

January 

February.. 

March 

April 

June 

July 

August — 
September. 



191^14. 



The year. 



331 

535 
915 
095 
331 
353 
86 
187 



915 



270 
353 
290 
425 
609 
664 
1,080 
958 
661 
353 
251 
310 



1,080 



Minimum. 



I Run^iffin 
I acre4Bet. 



Mean. 



271 
290 
230 



742 
535 
300 
86 
53 
53 
70 



53 



187 
260 
196 
196 

» « « * « 

454 

509 
425 
270 
153 
130 
161 



130 



323 
347 



a 215 
• 243 

391 



485 

160 
129 
65.1 
146 



287 



310 
242 
286 
380 
521 
818 
794 
411 
220 
165 
240 



384 



19,900 

20,600 

15,900 

13,300 

13,500 

24,000 

40,900 

29,800 

9,520 

7,930 

4,000 

8,890 



206,000 



13,800 
18,400 
14,900 
17,600 
21,100 
82,000 
48,700 
48»800 
24^500 
13,500 
10,100 
14,300 



278,000 



• Efltimated. 

At Wade's ranch, 11 miles northeast of American Falls and a short 
distance west of the reservation boundary, a station was established on 
Portneuf Eiver on July 30, 1910, and maintained during that season. 
The gage is nailed to a pole of the right-hand bent of the highway 
bridge over the river on the road from American Falls to Horse 
Island. The measuring station is located 300 feet above the bridge. 
Measurements are made from a rowboat. 

Measurements at this station indicate the flow of Portneuf River 
below the mouth of Spring Creek and Ross Fork and above the 
mouth of Bannock Creek. Ross Channel of Snake River, which 
branches from the main channel at the head of Horse Island, enters 

the Portneuf a short distance above the station, and the discharge 
through this channel must accordingly be deducted from the measure- 
ments at the gaging station to give the net flow of Portneuf River. 



» U. S. Oeol. Survey Water-Supply Papers 362, p. 99, 1917 ; 898, p. 81. 19ia 



WATER RESOURCES. 



131 



This station was established in cooperation with the United States 
Seclamation Service, in order to afford an indication of the amount 
of water contributed to Snake River from this source during the irri- 
gation season. As th^ record of this station has not been published 
elsewhere, it is given here in full. 

Discharge measurements of Portneuf River near Wade's ranch during the 

year ending Sept, SO, 1910. 



Date. 



July ao 

Aug. 9 
21 
28 



Hydrographer. 



H. I». Stoner 

Stoner and Crandall 

.....do 

H. L. stoner 



Gage height. 



Feet, 



5.50 
5.50 
5.56 
5.50 



Discharge. 



Second-feet, 
1,516.2 
1,443.8 
1,523.8 
1,573.6 



Daily gage height, in feet, of Portneuf River near Wadf^s ranch for the year 

ending Sept. SO, 1910. 



Day. 



July. 



1 ' 

2 

3 

4 

5 

6 

I 

8 

9 ' 

10 

11 ! 

12 1 

la I 

14 1 

15 ' 



Aug. 


Sept. 


5.5 


5.6 


5.5 


5.6 


5.5 


5.6 


5.5 


5.6 


5.5 


6.6 


5.5 


5.6 


5.5 


5.6 


5.5 


5.6 


5.5 


5.62 


5.5 


5.62 


5.5 


6.62 


5.5 


5.62 


5.5 


5.64 


5.5 


5.68 


5.5 


5.7 

1 



Day. 



16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 



July. 



5.5 



Aug. 



5.5 

5.5 

5.55 

5.58 

5.58 

5.55 
5.57 
6.57 
5.58 
5.59 

5.6 
5.6 
5.6 
5.6 
6.6 
5.6 



Sept. 



6.7 
5.72 



The flow of Ross Channel was measured by Messrs. Stoner and 
. Crandall on August 9, 1910, at the ford between the reservation and 
Horse Island and found to be 2.8 second-feet. The flow through 
this channel during July and August, 1910, was constant. 

The discharge measurement of August 9 should be given prefer- 
ence over that of July 30 because of better soundings. It appears, 
then, that the discharge of Portneuf River ranged during the period 
of measurement from 1,440 to about 1,700 second- feet. 

The important tributaries of Portneuf River within the reserva- 
tion are Ross Fork, Spring Creek, and Michaud Creek. Ross Fork 
is formed by the junction of two principal forks which rise on the 
west slope of the Portneuf Range. It has a westward course, at 
first through a broad valley that is eroded in the older rocks of the 
eastern part of the reservation and farther to the west across the 
broad terrace of the Gibson cycle. Toward the west edge of the ter- 
race the stream flows through a narrow valley, which it has cut in its 
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descent to the level of the Snake River bottoms. After leaving the 
terrace it flows into Portneuf River. 

No gaging station has been established on Ross Fork. A measure- 
ment by E. C. La Rue, on July 18, 1911, indicated a flow of 10.3 
second- feet on the North Fork of Ross Fork. The minimum flow is 
somewhat less and may in some years be as low as 6 second- feet. 

Clear Creek flows into Ross Fork a short distance above its mouth 
and contributes by far the larger part of its volume. This stream 
rises near the east margin of the Fort Hall bottoms and follows 
quite closely the base of the Gibson terrace. .The stream is fed by 
springs which rise in places throughout the bottoms. No measure- 
ments of its flow are recorded^ but it appears to discharge several 
hundred second-feet. 

Spring Creek also heads in large springs, which rise near the 
north end of the Fort Hall bottoms. It flows parallel to Snake 
River through practically the entire extent of the bottoms and unites 
with the Portneuf a few miles above its mouth. The stream is re- 
markable for the large flow which it receives from underground 
sources, measurements of discharge indicating an average minimum 
of about 1,500 second-feet. The slope of the stream is but 2 or B 
feet to the mile. The water is beautifully clear, and in most lights 
has a pronounced blue color. 

BANNOCK CREEK BASIN. 

Bannock Creek has its source in Arbon Valley about 15 miles south 
of the reservation boundary. For over 30 miles it follows a gen- 
erally northward course through a broad valley which lies between 
the Bannock Range on the east and the Rock Creek Mountains on 
the west and enters the Portneuf a short distance above the mouth. 
Its larger tributaries are Knox, Moonshine, and Starlight creeks 
from the west and Rattlesnake Creek from the east. The following • 
miscellaneous discharge measurements have been made at different 
points in the drainage basin by engineers of the Indian Irrigation 
Service and of the Geological Survey : 

Miscellaneous measurements in Bannock Creek hasin. 



Date. 



1909. 

Sept. 26 

26 

27 

27 

27 

27 
27 

1910. 
Aug. 9 
21 
28 



Stream. 



West Branch of Bannoclc Creek , 
East Branch of Bannock Creek . 

Bannock Creek 

do 



Rattlesnake Cree!: 
Bannock Creek . . . 
....do 



....do 

....do 

Tributary of Bannock Creek I Short distance from mouth. 



Locality. 



BE. j sec. 34, T. 9 8., R. 33 E 

T.'9 S.J r". *as e" sec.' 27,' soiiVh line*. '..!!.!!!!. 
Sec. 34, T. 8 S., R. 33 E., below mouth of Moon- 
shine Creek. 

NE. Jsec.28, T.8S.. R.33E 

Above mouth of Rattlesnake Cree'c , 

Below mouth of Rattlesnake Creek 



1 mile below Horse Island, 
do. 



Dischan^ 



See.'ft. 

24! 7 
37.8 
35.5 

9.3 
40 
51.2 



32.68 

33.11 

2.08 
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The discharge measurements made in August, 1910, were obtained 
at a point about 600 feet above the highway bridge on the road from 
American Falls to Horse Island, a short distance west of the reserva- 
tion boundary. The total discharge of Bannock Creek into Portneuf 
Siver is obtained by adding to the discharge at this station that of 
the small tributary given in the above table. The total flow of 
Bannock Creek at the mouth thus appears to have been about 35 
second- feet during July and August, 1910. 

aBGITND WATEB. 

Consideration of the ground- water supply of the Fort Hall Indian 
Keservation is divided naturally into a discussion of conditions in 
the eastern and southern mountain and valley regions and in the 
alluvial plains of the Snake Kiver valley. (See PI. XIII, ) 

OCCURRENCE IN THE MOUNTAINOUS AREA?. 

But a short time was devoted to studying in the field the occur- 
rence of ground water in the more mountainous areas. Numerous 
springs and small streams make these portions of the reservation 
£:enerally well watered. The faulting and flexuring of the rocks^ 
described by Mr. Mansfield, which have resulted in the discontinuity 
of water-bearing beds, have apparently caused complex ground- 
water conditions. Circulation of ground water is doubtless largely 
influenced by lines of fracture, and the return of ground water to 
the surface along fault lines appears to explain the location of some 
of the mountain springs. 

In the nanrow valleys which head between the mountain spurs 
small amounts of ground water may be stored in narrow belts of 
alluvium along the streams. In the larger valleys, like those of 
the upper Portneuf River, of Ross Fork, and of Bannock Creek, no 
difiiculty will generally arise -in obtaining water for domestic use 
from shallow wells in the valley fill. Two wells, both shallow, are 
reported in Bannock Valley, one on the allotment of Francis Mosho 
and one at the reservation farm in the S. ^ NE. J sec. 32, T. 7 S., 
R. 33 E., occupied by Jesse White. A well drilled to a depth of 76 
feet on the reservation farm in Ross Fork valley, in the SW. J SW. J 
sec. 31, T. 4 S., R. 36 E., passed through 20 feet of alluvium and 
then entered rock. The water level was not ascertained but is re- 
ported to be less than 10 feet from the bottom. The well is said to 
have cost $210. 

OCCURRENCE IN SNAKE RIVER VALLEY. 

Ground-water conditions in the valley of Snake River are of 
greater economic importance than in the areas just discussed for the 
reason that surface-water supplies are less abundant. 



134 FORT HAUL INDIAN RESEBVATIOKy IDAHO. 

The terrace of the Gibson cycle averages 6 to 8 miles in width 
across the Fort Hall Indian Reservation and north of Blackfoot 
Kiver extends as a broad plain to Idaho Falls and beyond South- 
westward it narrows abruptly and disappears as a conspicuous topo- 
graphic feature in the vicinity of American Falls. Throughout the 
reservation the west boundary of the terrace, a steep bluff that forms 
an abrupt descent to the Snake Kiver bottoms, lb usually sharply de- 
fined. In the northwestern part of T. 4 S., R. 34 £., just south of 
Big Butte, the height of the bluff is only about 15 feet, but it gradu- 
ally increases southward and near Cedar Butte in the northeastern 
part of T. 4 S., R. 83 E., is about 60 feet. The terrace is dissected by 
the valleys of Ross Fork and Portneuf River, more deeply by the 
latter. South of the Portneuf, however, it continues with only minor 
irregularities to the west boundary of the reservation. 

So far as observed, only sands and gravels are exposed in the mar- 
gin of the terrace facing Snake River, although some of the wells 
drilled in the eastern part of the terrace are reported to have pene- 
trated lava strata. The san^ and gravels that compose the terrace 
appear to have a slight dip in the direction of Snake River, owing 
presumably to conditions of sedimentation rather than to subsequent 
tilting. They represent debris brought from areas of high relief and 
deposited at a time when the base-level of the region was perhaps 100 
feet higher than at present 

On the west side of Snake River, opposite the reservation, is a 
terrace which corresponds in elevation to that of the Gibson cycle on 
the reservation. Its eastern margin is largely made up of exposures 
of Snake River lava. No corresponding lava outcrops appear on the 
reservation side. As there is no evidence of faulting or other dis- 
turbance the conclusion is probably justified that the uppermost sheet 
of the Snake River lava has never extended much farther east than 
the west bank of the river. The Gibson terrace thus appears to be 
the remnant of a deposit of alluvial material which originally ex- 
tended westward across the present Snake River bottoms and met the 
eastern margin of the lava. 

Either through change in base-level or through headward erosion 
the Snake River later began downcutting. Its course was such that 
the entrenching was done in the alluvium and not in the lava, and in 
consequence the river was able to accomplish rapid work in clearing 
out a valley at a level below the Gibson terrace. The river has now 
removed about one-third of the alluvium deposited against the eastern 
margin of the lava during the Gibson cycle. On its right bank most 
of the anuvium has been eroded. Remnants may, however, be ob- 

rved at intervals along the road from American Falls to Blackfoot. 



<s<» 



WATER RESOURCES. 



185 



The alluvium of the Gibson terrace has a texture favorable for 
carrying water. The gravels are coarse and have large interstices, 
and it is probable that this influences the depth to the water table 
under most of the terrace, the gravels providing a ready exit for the 
ground water in the direction of Snake Biver. The location of the 
water table with relation to the surface of this terrace is indicated by 
the following data relating to wells : 

WeUs on the Oibson ierraee. 



Na 



1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 



Owner. 



George W. Tenday 

Ralph Dixie 

Charley Di^e 

Peter Jim 

Jones Johnson 

do 

Jlmmle Smart 

TeaPoklbro 

OaptamWflUe 

Presbyterian Iflssion 

Bl^ George 

Wiffiam Penn 

Fhmk TroQChart 

nick Boms 

Tom Kadseweyu 

AjgencTf. 

Mary If. Hutchinson 

Oregon Short Line R.R. 

Agency 

do 

Episcopal Mission School. 

Ajiency Farm 

Hiram Faolkner 
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41 
22 



41 
40 
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20 
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54 

82 
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35 

^± 

58 

30± 

28 

42 

64 

38 

80 

28 



a Yields 100 gallons a minute to pump without much lowering of water level. 
» First water struck at 20 feet. 
c Pumped by gasoline. 

The evidence bearing on the quantity of water which can be 
obtained from the underflow in this area is meager. The well 
which supplies the railroad water tank at Boss Fork is pumped at 
the rate of 24 gallons a minute, and it is said that continuous pump- 
ing lowers the water surface in the well appreciably. The agency 
is supplied from a well pumped by an automatically controlled 
electric motor. The supply has proved ample for all purposes, 
including fire protection. The well owned by Ralph Dixie is re- 
ported to have yielded under test 100 gallons a minute without 
greatly lowering the water surface. 



136 FORT HALL INDIAN RESERVATION, IDAHO. 

There is considerable seasonal fluctuation in the water level. The 
water table is lowest early in the spring and highest early in the 
fall, a difference in level of 3 or 4 feet being reported in some wells. 
The cause of this fluctuation is apparently the application of water 
to the irrigated lands, the water standing highest soon after the 
period of maximum irrigation. 

Data are not available to indicate whether irrigation has affected 
the water level in this area. The establishment of bench marks at 
weUs within the limits of the irrigation project and the taking of 
occasional readings of the depth to water is desirable, in order that 
if the rise of the water table under the irrigated area should prove 
to be progressive measures might be taken to prevent the eventual 
water-logging of the irrigated lands. The coarseness of the terrace 
alluvium is a factor of safety in this regard, because it will result 
in rapid movement of the ground water toward the river. With 
reasonable care in the use of water for irrigation it should be pos- 
sible to avoid any serious difficulty from water logging. 

The Fort Hall bottoms, the broad level plain which borders Snake 
River and which belongs to the Spring Creek cycle of erosion, 
begins as a narrow flat just west of Big Butte. It widens greatly 
in' a short distance southward and attains a maximum width of 
about 5 miles near the junction of Ross Fork with Portneuf River. 
The plain slopes to the southwest at about the same gradient as that 
of Snake River itself, which is somewhat more than 2 feet per mile. 
The relief on the plain is slight ; the streams which cross it, Spring 
and Clear creeks, flow practically on its surface; and the gravel 
banks along Snake River have a maximum height of only about 15 
feet above the low-water stage of the river. Near Snake River the 
plain is cut up by high-water channels. 

Cut banks along the river and placer miners' test pits indicate that 
the flat is immediately underlain by a deposit of coarse stream gravel, 
which in many places still has the form of old river bars. This 
deposit of gravel has, over a large area of the plain, been covered by 
a rich soil, which generally ranges in depth from 2 to 6 feet. Much 
of the area is covered by a luxuriant growth of wild grasses. The 
hay forms an important resource of the reservation, providing winter 
feed for the herds of the Indians. Portions of the plain, especially 
along the river, are covered with a growth of cottonwood and other 
deciduous trees. Other portions are swampy and under present con- 
ditions valueless except as they provide a feeding ground for large 
numbers of water fowl. 

The water table is generally very near the surface. Places where 

it is more than 10 feet below the surface are exceptional, and its 

\ge depth is probably less than 5 feet. The surface soil of much 
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of the plain thus obtains through capillarity sufficient moisture to 
produce the hay crop. Between Spring Creek and the river there is, 
however, a tract where the water table is apparently too far below 
the surface to support a heavy growth of grass. This tract might 
be irrigated to advantage. 

The most remarkable ground- water feature in this region is the 
presence of numerous large springs throughout the Fort Hall bot- 
toms. (See pp. 19, 132, 136.) These springs contribute the large vol- 
ume of 1,400 second-feet to the flow of Portneuf River. This flow is 
remarkably constant, varying but little throughout the year and ap- 
parently not fluctuating from one season to another. Both Clear 
Creek and Spring Creek obtain practically all their flow from under- 
ground sources, as the area of their drainage basins is insignificant. 

Clear Creek follows the edge of the bluff at the western border of 
the Gibson terrace. The springs which form it are individually 
small, but the flow probably aggregates 100 second- feet by the time 
it unites with Ross Fork. These springs do not seem to come out 
from beneath the terrace but rise from the midst of the plain without 
apparent relation to topographic features. Spring Creek has its 
source in a very large spring or group of springs near the south 
base of Big Butte, a prominent hill near the northwest comer of the 
reservation, and directly at the foot of the bluff that forms the mar- 
gin of the narrow remnant of the Gibson terrace which fringes the 
south slope of the butte. Here a large volume of beautifully clear 
water wells up in a pool about 50 feet in diameter and flows south- 
ward through a marsh. At the bridge on the road from Fort Hall 
to Tilden Bridge Spring Creek is a deep, swift stream with a volume 
of perhaps 500 second-feet. Clear Creek practically parallels Snake 
River throughout the length of the bottoms. 

These springs have great economic importance, for they contribute 
a large volume of water to Snake River at all seasons and furnish a 
constant supply for the irrigation of the lands around Twin Falls, 
even when the Snake goes dry at Blackfoot, as it has been known to 
do in very dry years. Considerable interest has thus been aroused in 
their origin, and several alternative hypotheses have been suggested 
to account for them. Their origin is thus attributed to (1) the reap- 
pearance of water lost into the underflow by seepage from Black- 
foot River; (2) by seepage from Portneuf River; (3) by seepage 
from Snake River ; (4) ground water which has accumulated in the 
gravels that underlie the Gibson terrace; (5) ground water which 
has been collected under the Snake River plain to the northwest and 
which has traveled southeastward along strata interbedded with or 
underlying the Snake River lava. 
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In considering the possibility that the water of these springs comes 
from Blackfoot River, reference must be made to the records of di^- 
charge of Blackfoot River which have been cited. It is at once 
apparent from an examination of the records obtained at the gaging 
station near Shelley, above all large diversions, that only in occasional 
months of high yield is the discharge of Blackfoot River as large 
as the flow of these springs, whereas the mean disdiarge of the river 
is in most years only about 10 per cent of the discharge of the springs. 
Practically the entire flow of Blackfoot River during the summer is 
diverted and used for irrigaticm, and the flow in the channel of the' 
river below the head gate of the reservation canal is usually very 
small. 

Investigations have been made by the United States Geological 
Survey at the request of the Indian Irrigation Service to determine 
the amount of water lost by seepage from Blackfoot River between 
the reservoir and the canal head gate. The results of the investiga- 
tion made in 1909, which covered 42 miles of the river between Rocky- 
ford and Presto, indicated a gain of 1.10 second- feet in that distanoey 
making allowance for all tributaries and diversions." The other 
investigations, in November, 1912, and June, 1913, covered the por- 
tion of the river between the gaging station near Shelley, a short dis- 
tance below Presto, and the head gate of the reservation canal. These 
investigations showed that no appreciable loss or gain in the flow * 
occurs between these points except as the flow is increased or dimin- 
ished, respectively, by surface tributaries or diversions. It may 
therefore be concluded that but little water passes into the underflow 
from the channel of Blackfoot River and that the volume of the flow 
of the river is entirely inadequate to feed these springs were it all to 
pass underground. 

Portneuf River, because of large diversions for irrigation and the 
small volume of flow as compared with the springs, also appears in- 
adequate as a source of supply. Furthermore, the springs are so 
situated topographically with relation to the river that it is difficult 
to understand how they can be in any way related. 

Another explanation of the flow of the springs is that they repre- 
sent the reappearance of the water of Snake River which has passed 
underground at points farther up the stream, perhaps in the irrigated 
district north of Blackfoot. There are, however, certain facts which 
are difficult to reconcile with this hypothesis. The springs show no 
tendency to fluctuate in volume, as would be expected if they were 
directly related to the flow of the river. Records of stream discharge 
p^ ' ^ even in the periods of maximum flood on Snake River 

orresponding increase in the flow of the springs. Even 

S. Geol. Survoy Water- Supply Paper 272, pp. 286-288. 1911. 
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in seasons when Snake River goes dry at Blackfoot the flow of the 
springs is practically undiminished. 

The springs on the reservation are, however, not the only springs 
which add to the flow of Snake Kiver between the mouth of Blackfoot 
River and American Falls. In the vicinity of Tilden and Spring- 
field, on the west side of Snake River, there are a number of large 
springs which flow out of the Snake River lava, and some of them 
rise at a considerable elevation above the river. One of these, Don- 
aldson's Spring, rises well toward the top of the lava terrace on the 
west side of the river at an elevation of about 60 feet above the river. 
The total volume of the springs on the west side of the river is, how- 
ever, only a fraction of the total flow of the springs on the reservation. 

If this water is derived from Snake River it must have entered the 
underflow a long distance upstream, for the slope of the river, for a 
number of miles above the springs is small. Allowance must also 
be made for the difference in head produced by the friction of the 
water in passing through the rocks. ' When both these factors are 
considered it is difficult to see how the water of Donaldson's and other 
springs west of the river is derived from it. 

The topographic relations of the springs on the east side of the 
river do not conclusively eliminate Snake River as the source of the 
water. Although perhaps none of the springs are less than 5 feet 
and some are fully 20 feet above the river, their similarity to springs 
west of the river makes it improbable that they have an essentially 
different origin. The fact that it is difficult to show that the 
springs on the west side have any definite connection with Snake 
River lends additional weight to the belief that the springs on the 
east side do not come from that source. 

It is apparent that the 100 square miles of drainage area of the 
Gibson terrace is entirely inadequate to collect the large amount of 
water which the springs discharge. It is possible that the under- 
flow from the terrace may contribute slightly to the discharge of 
these springs, but the aggregate from these sources constitutes in 
all probability but a small addition to their flow. 

The hypothesis that the water comes from underneath the Snake 
River plain to the northwest and has a common origin with the 
water which flows from the springs on the west side of the river has 
much in its favor. The lava plains to the west of Snake River 
which have no surface drainage cover a very large area, 40 to 50 
miles in width, that extends from far up the Snake River valley 
southward and westward across the State. The region that may be 
regarded as a possible catchment basin for these springs has an area 
of perhaps 3,000 square miles. It receives an average anrual pre- 
cipitation of 10 inches or more. Because of the extremely rough ' 
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broken character of the surface the proportion of the precipitation 
which enters the lava is doubtless high. To produce a continuous 
discharge of 1,400 second-feet approximately 1,000,000 acre-feet 
would have to enter the underflow annually, an amount equivalent 
to a depth of 6.3 inches on this area. It is well known that Big 
Lost and Little Lost rivers, which sink on the northwest side of 
the lava plains, contribute large amoimts of water to the lavas. 
When all these factors are considered it appears that the underflow 
from this lava area is competent to accoimt for the greater part if 
not all of the flow of these springs. The flow derived from such 
a source would be practically constant in volume and subject only 
to slight annual or seasonal changes. 

A difficulty arises, however, in explaining how the water may 
have been carried eastward under the present channel of the river. As 
has been previously stated,, the western bank of Snake Hiver, 
throughout practically all that portion opposite the Fort Hall Indian 
Beservation, is formed by the exposed edge of the uppermost sheet 
or sheets of the Snake River lava. The river itself flows on a 
gravel bottom throughout this stretch, and as far as known no lava 
is exposed in its bed or in the entire plain adjacent to the river. At 
American Falls, 12 miles southwest, the river drops over the edge of 
a lower lava sheet, which is exposed on both sides of the river for 
some distance downstream from the falls. Northward this lava does 
not appear at the surface. If, however, this lava sheet, which might 
reasonably be expected to extend a considerable distance northward 
from American Falls, should project farther to the east than the 
overlying exposed sheets it may pass concealed under the bed of 
Snake River and underlie in part the Fort Hall bottoms. Water 
might then be carried either through the Assures of this lava sheet or 
through underlying alluvial deposits entirely under the bed of 
Snake River to the contact of the eastern margin of the lava with the 
terrace gravels and then follow this contact to the surface. Whatever 
may be the exact course of this water underground, it appears more 
reasonable to ascribe these springs to a deep underground source than 
to explain their origin in the other ways that have been suggested. 

utHiIzation' of wateb. 

DOMESTIC USE. 

The mountainous portions of the reservation contain abundant sup- 
plies of water, which are available for domestic use and for watering 
o^ru^k. It is improbable that the future needs of the reservation will 
) any extensive development of water for these uses in the more 
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rugged areas. Similarly water can readily be obtained in the Snake 
River bottoms either from streams or springs or from shallow wells. 

On the Gibson terrace permanent and pure water supplies for 
ranches can generally be obtained by wells that range in depth from 
50 to 100 feet. Wells are easily dug, but on account of the looseness 
of the gravels lining will ordinarily be required to prevent caving. 
Because of the porosity of the soil, drilled wells carefully cased are 
preferable to open wells as less likely to become contaminated from 
surface drainage. 

The supply for the agency buildings at Fort Hall is obtained from 
a well pumped by an electric motor. The railroad water tank at 
Ross Fork is supplied by a steam pump which has a capacity of 28 
gallons a minute. 

IRRIGATION. 

The principal irrigated areas on the reservation are in the valley 
of Bannock Creek and on the Gibson terrace, the Fort Hall irrigation 
project covering nearly all of that part of the terrace between Black- 
foot River and Pocatello. The irrigated areas are indicated on the 
accompanying map. 

Bannock VaUey, — ^The ditches which divert from Bannock Creek 
are all small and each covers not more than three or four Indian 
ranches. The highest of these ditches diverts from the West Fork 
south of the reservation boundary and follows the west bank for 
about 3 miles. A second ditch diverts from the east bank in the NE. \ 
SW. i sec. 22, T. 9 S., R. 33 E., and extends northward about 2 
miles. Other ditches divert from Moonshine and Rattlesnake creeks. 
The largest ditch in the valley has its head gate in the SW. \ SE. J 
sec. 21, T. 8 S., R. 33 E., and covers lands on the east side of the 
creek for a distance of about 4 miles. 

The waters of Bannock Creek were adjudicated by a decree of the 
United States district court dated April 9, 1907. The Indians of 
Fort Hall Reservation were awarded a prior right to IGJ second- feet 
of water from Bannock Creek, dating from April 1, 1887. Settlers 
on public lands on the head of Bannock Creek south of the reserva- 
tion boundary were awarded junior rights, aggregating 19.6 second- 
feet. 

The water right awarded to the Indians has not been extensively 
utilized, whereas the amount awarded the settlers has been largely 
put to beneficial use. 

Fort Hall irrigation project. — ^The Fort Hall irrigation project 
contemplates the ultimate irrigation of 50,000 acres that lie princi- 
pally on the Gibson terrace in the western part of the reservation. 
Of this area 38,000 acres are situated within the reservation and 
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i2fl00 acres lie south of the reservation boundary in the ceded area 
near Pocatello. 

The project depends for its water supply on Blackfoot and Snake 
rivers. The waters of Blackfoot River have been appropriated 
under the laws of the State of Idaho. Applications were filed with 
the State engineer on September 3, 1907, for permits to appropriate 
the flow of Blackfoot River for storage in the Blackfoot River reser- 
voir. These permits contemplated the impounding in the reservoir 
of 200,000 acre- feet annuaUy, an amount approximately equivalent to 
a continuous flow of 280 second-feet. 

By a decree of the district court the Fort Hall irrigation project 
was also allotted 600 second-feet from Snake River, with a priority 
dating from December 14, 1891. The water used under this decree 
is diverted from Snake River in sec. 31, T. 1 N., R. 37 E., near the 
village of Shelley and carried southward through the Idaho Canal 
to Blackfoot River. The point of discharge is in sec. 24, T. 2 S., 
R. 36 E., a few miles above the' head gates of the project canals. The 
Idaho Canal is about 12 miles in length and was constructed With a 
capacity of 600 second- feet. Its principal use is as a feeder for this 
project, although large amounts of water wasted from irrigated lands 
in the vicinity of Blackfoot are carried through it. 

The construction of the dam for the Blackfoot River reservoir 
was commenced in the summer of 1908. The dam (PL I, ^) is situ- 
ated in the NE. ^ sec. 12, T. 5 S., R. 40 E., about SO miles southeast of 
the city of Blackfoot. It is 40 feet in height above the bed of the 
river, 120 feet long at the bottom, and 250 feet l(Mig on the crest. 
It is a combined rock-fill and hydraulic-fill structure, with a concrete 
core wall, and the reservoir side is paved to prevent erosion. The 
outlet is through a tunnel at the south end of the dam, 200 feet long, 
which is lined with concrete and has a cross section of 90 sr^uare feet. 
The spillway id excavated in rock at the north end of the dam and has 
a width of 60 feet. The reservoir is about 17 miles in length and 
over 5 miles in maximum width, with an area of 15,000 acres and a 
capacity of 200,000 acre-feet. On Jime 30, 1916, it contained approxi- 
mately 132,000 acre-feet of stored water. 

The water released from storage is carried in the channel of Black- 
foot River a distance of about 50 miles to the head gates of the two 
main canals of the project. The upper canal, which heads about 2 
miles east of Blackfoot, was designed to carry 400 second- feet and 
to irrigate 30,000 acres. The heading is a rock-fill dam, in which are 
placed six concrete head gates. The canal follows the foothills on 
t>iA pncf. side of the project, extending in a southerly direction nearly 
'^. Ross Fork is crossed by a concrete siphon 133 feet long. 
, situated principally on ceded lands south of the reserva- 
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tion, is reached by a concrete siphon 4,500 feet long, which has a 
capacity of 200 second- feet. The lower canal covers about 20,000 
acres between Blackfoot River and Ross Fork. It heads about a 
mile below the upper canal and has a capacity of about 250 second- 
feet. Its length is 10.5 miles. 

As by far the greater part of the irrigable lands of the project is 
held by Indians, many of whom were not accustomed to irrigation 
farming, the agricultural development of the area has not been espe- 
cially rapid. In the season of 1915, 18,542 acres were irrigated, of 
which 9,005 acres were in the ceded area ; 7,447 acres were irrigated 
by the 209 Indian farmers on the project. Approximately 91,000 
acre- feet of water was diverted from Blackfoot River in 1915, giving 
a duty of nearly 5 acre-feet at the point of diversion. 

As the project is further developed and new lands are brought 
under cultivation the total amount of water required will necessarily 
increase, although after the soil is saturated the duty should be 
higher. It is probable that the project will ultimately require the 
diversion from Blackfoot River of 200,000 acre- feet annually. The 
length of the irrigation season is about 180 days from April 20 to 
October 10. In 1915 the percentage diversions by months were ap- 
proximately as follows : April, 6 ; May, 14 ; June, 18 ; July, 29 ; August, 
17; September, 11 ; and October, 5. 

Fortneuf project. — ^The portion of the Gibson terrace that lies on 
the south side of Portneuf River and extends toward American Falls is 
an area of excellent agricultural land which would become highly 
productive with irrigation. Approximately 40,000 acres of this land 
could be irrigated by a canal that would divert water from Portneuf 
River in T. 7 S., R. 35 E., about 10 miles southeast of Pocatello. The 
location of the canal follows the south bank of the river for a dis- 
tance of about 16 miles before any irrigable lands are reached. An 
alternative plan of irrigation involves pumping from the Portneuf 
about 4 miles northeast of Pocatello. Under either plan the flow of 
Portneuf River during the irrigation season would have to be largely 
increased by providing additional storage in the upper drainage basin 
of that stream or by the diversion into the Portneuf of additional 
water from an adjacent drainage basin. 

Fort ndH hottams. — In the event that the American Falls reservoir 
is not constructed the irrigation of a portion of the Fort Hall bottoms 
by the diversion of the waters of Spring Creek appears possible. 
Surveys which would demonstrate the feasibility of such a plan have 
not been undertaken. The sheltered situation of the lands of the Fort 
Hall bottoms below the general level of the plains on either side 
gives them a somewhat more favorable climate which might be well 
adapted to growing the hardier fruits. 
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WATER POWER. 

The water powers of the Fort Hall Indian Reservation are unde- 
veloped, and their utilization, when it is accomplished, must be co- 
ordinated with the higher use of water for irrigation. The location 
of power plants and the amount of power which can be obtained are 
thus to a high degree dependent on the course of future irrigation 
development, some of the possibilities of which have been discussed. 

Snake River, — ^The fall of Snake River along the western boundary 
of the reservation is but little more than 2 feet to the mile. No con- 
centrations of fall which would afford opportunity for power devel- 
opment and no feasible dam sites occur along this portion of its 
course. At American Falls, 7 miles west of the reservation, a feasible 
dam site exists in sees. 19 and 20, T. 7 S., R. 31 E. A dam at this 
site with a height of 90 feet would create a reservoir with an esti- 
mated capacity of 3,036,000 acre- feet of water. The area overflowed 
would be approximately 70,000 acres, of which about 30,000 acres are 
within the reservation, the remainder being mainly private holdings. 

This reservoir site is one of the principal features of the Bruneau 
extension irrigation project, by which it is proposed to irrigate a 
large tract of arid land that lies on the south side of Snake River be- 
tween Salmon Falls Creek and Bruneau River. The water im- 
pounded in the American Falls reservoir would be released as re- 
quired and permitted to flow down the channel of Snake River to 
Milner dam, the present diversion point of the Twin Falls irrigation 
systems. From the Milner dam the water would be conducted about 
60 miles through the main canal to Salmon Falls Creek, beyond which 
the irrigable lands of the project are situated. 

The flow of Snake River is in normal years greatest during May, 
June, and July, and in many years half of the annual discharge has 
occurred during those months. The normal flow up to the middle 
of July is thus largely in excess of the established demands for 
irrigation. After that time the flow decreases rapidly and becomes 
insufficient to supply all the lands dependent on the river. In con- 
sequence it is necessary to supply this deficiency by the storage of 
water during the early part of the irrigation season for release dur- 
ing the period of shortage. The United States Reclamation Serv- 
ice has constructed two reservoirs for this purpose, one at Jackson 
Lake, in northwestern Wyoming, the other. Lake Walcott, about 30 
miles southwest of American Falls, Idaho. These reservoirs by no 
means impound all the surplus waters of Snake River, and it has 
been estimated that on the average about 1,400,000 acre- feet passes 
down Snake River during the irrigation season unutilized. In addi- 
tion the normal flow during the nonirrigation season in an average 
about 2,500,000 acre-feet, which makes a total of nearly 
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4,000,000 acre-feet now undiverted. In storing and making avail- 
able most of this surplus flow the American Falls reservoir would 
serve an important function in the conservation of the flow of Snake 
River. 

The construction of the reservoir and the attendant irrigation 
project is, however, a very large financial undertaking. The con- 
struction of the dam alone will require an outlay of several million 
dollars. It is probable that considerable time will elapse before the 
financing of the project can be accomplished. The magnitude of the 
project may even be so great as to make it unattractive to private 
capital and construction may have to await action by the Govern- 
ment. 

Aside from its value for irrigation the American Falls reservoir 
would have an important effect on the development of water power 
on Snake Biver between American Falls and the Milner dam. Three 
power plants are now in operation in that portion of the river, two 
at American Falls and one at the Minidoka dam of the Beclamation 
Service, and there is a good water-power site about 6 miles below 
American Falls. The storage of water in the American Falls res- 
ervoir for irrigation use would tend to concentrate the flow of Snake 
River in the irrigation season and would consequently reduce the 
flow and the power output during the winter. Very large amounts 
of power would, however, be made available for irrigation pump- 
ing and the flow during the irrigation season would be so regulated 
as to permit more nearly complete utilization for power during that 
period than is now possible. The release from storage during the 
winter of 1,000 second-feet would, however, provide a large power 
output during that period, and it is possible that water so released 
could be impounded in reservoirs below the power plants and thus 
conserved for irrigation during the following season. 

If the American Falls reservoir were developed it would overflow 
a large area of bottom lands adjacent to the river, and the shore of 
the reservoir would be approximately indicated by the 4,400-foot 
contour line. The Indians would thus be deprived of a peculiarly 
valuable part of the reservation. After the development of the Fort 
Hall project, however, the Indians will be less dependent on the 
bottom lands for winter feed for their cattle, and a few years hence 
the reservoir might be constructed without serious disturbance of the 
economic relations of the Indians. 

Blackfoot River. — If considered as a source of water power, the 
portion of Blackfoot River which forms the north boundary of the 
Fort Hall Reservation is divisible into three portions, as follows: 
(1) From its intersection with the east boundary of the reservation 
on the line between Rs. 38 and 39 E. to the mouth of the canyon near 

168145'— 20 10 
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the east line of sec. 11, T. 2 S., R. 37 E.; (2) from the mouth of the 
canyon to the upper diversion dam of the Fort Hall project; (3) 
from the upper diversion dam to the mouth. 

The upper section is approximately 12 miles long. The total fall 
through this distance is about 800 feet, an average of approximately 
67 feet to the mile. The existing surveys are not sufficiently detailed 
to show the distribution of this fall, but in some portions it appears 
to be fully 100 feet to the mile. Throughout this portion of its course 
the river flows through a deep narrow canyon, the rim of which is 
generally formed by a lava flow and the lower slopes by the talus 
from the lava cliffs. A view of the lower portion of the canyon show- 
ing its relation to Snake River valley is shown in Plate XII, A. 

The second section is about 14 miles long. The total fall of the 
river is about 200 feet, or 15 feet per mile, and is quite uniformly 
distributed. The stream is bordered by agricultural lands through- 
out this stretch. 

In the 10 miles that comprise the third section of the river the fall 
is small, only about 5 feet per mile. The banks are low and in many 
places are formed by sand bars and dunes. 

The flow of Blackfoot River before it was regulated for irrigation 
by the construction of the Blackfoot River reservoir and the con- 
struction of diversion canals, ranged from a maximum of perhaps 
2,500 second-feet early in the spring to a minimum of about 65 
second-feet late in the summer. The minimum winter flow appears 
to have been about 100 second-feet. As regulated for irrigation, how- 
ever, the regimen of the stream is materially changed. During the 
winter the flow of the river is greatly reduced by the impounding of 
water in the reservoir, but about 10 second-feet has been permitted 
to pass the dam during this period in order to save the fish in the 
river. The winter flow between the reservoir and the mouth of Sand 
Creek is thus confined to the small quantity permitted to pass the 
dam and the inflow of tributaries below the reservoir. Measure- 
ments of the flow of Corral and Grove creeks, which enter the river 
between the dam and the east line of the reservation, indicate that the 
minimum flow at the east line of the reservation will be approxi- 
mately 30 second- feet. Wolverine Creek is fed by springs and has a 
minimum flow of about 13 second-feet. Cedar Creek and other small 
tributaries contribute about the same amount, so that the total flow 
at the mouth of the canyon will, under regulation for irrigation, be 
about 60 second-feet from the middle of October till the later part 

of TVf Ji.rr»h, 

ngation season the flow will correspond approximately to 

1 demand, reaching a maximum of about 1,000 second- 

and averaging about 600 second-feet from about the 

to the first of October. Below the outlet of the Idaho 
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canal and above the head gate of the Irrigation project the flow dur- 
ing the irrigation season may be further increased by the water 
brought through the canal from Snake River. The diversion of 
water at the head gate of the project will greatly reduce the flow 
below that point. Under present conditions the flow of Blackfoot 
River below the diversion point is as low as 50 second- feet during^ 
the irrigation season, and with the more complete development of the 
project it is probable that the summer flow will become negligible. 

When the data above given relative to the discharge, slope, and 
topography of the river are considered together it becomes apparent 
that in the lower section of the river, below the head gates of the 
project, the development of water power is impracticable. In the 
middle section the character of the valley is such as to make the con- 
struction of dams impracticable, for a relatively low dam would 
cause the flooding of large areas of agricultural land. Such a dam 
would give opportunity for the development of only a small amount 
of power and the unit cost would be prohibitive. 

In the upper section, however, in the canyon, certain conditions 
are somewhat more favorable to the development of power. Through- 
out the canyon the topography favors the construction of dams, the 
walls being in places nearly vertical (PI. XII, B). At the mouth of 
the canyon a dam 100 feet in height would, according to La Rue, 
have a length of approximately 250 feet on the bottom and 350 feet 
on the top. Nothing is known, however, of the possibility of obtain- 
uig good foundations at this and at other similar sites through the 
canyon. With an effective head of 90 feet approximately 5,000 con- 
tinuous horsepower can be developed at this site for about six months 
in the year and about 500 continuous horsepower during the remain- 
der of the year. If a market could be developed for irrigation pump- 
ing or the plant were interconnected with other plants, it is probable 
that development at this site would prove feasible. 

The lands adjacent to this portion of Blackfoot River have been 
reserved for the purpose of retaining control of the development of 
water power. The Secretary of the Interior is, however, authorized 
to give permission for such development on terms which he may 
regard as protecting the public interests. 

Bannock Creek. — In its upper portion Bannock Creek has a rapid 
fall. The flow of the creek is* well sustained throughout the summer, 
and late in the fall its total discharge is over 30 second-feet. As 
this flow is largely derived from springs it probably is not greatly 
reduced during the winter, although no winter measurements are 
available. 

The most practicable plan of power development appears to be by 
conduit. If the water were diverted in the southern part of T. 9 S., 
R. 33 E., at an elevation of 5,015 feet and carried northward 
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the east side of the valley a distance of about 10 miles, a head of 
about 320 feet could be obtained at a power house located in sec. 22, 
T. 8 S., R. 33 E. The flow of the east and west forks of Bannock 
Creek, augmented by that of Rattlesnake, would probably warrant 
a conduit capacity of 35 second-feet. About 875 horsepower could 
be developed at a cost which preliminary estimates indicate would be 
very reasonable. This power development can be accomplished prac- 
tically without interference with the development of irrigation in the 
Bannock Valley. 

Below the point of return of this proposed power development the 
flow of the creek is largely diverted during the summer for irriga- 
tion. The slope is also much less, so that the lower portion of the 
creek affords no sites for power development. 

Portneuf River. — ^In the upper portion of its course Portneuf 
River flows through a broad, marshy valley, with a slight fall. The 
discharge is small, and no feasible power sites are recognized in this 
portion of the river. After leaving Portneuf Valley the river has in 
many places a steady gradient and affords opportunity for the de- 
velopment of power, but none of these sites are within the reserva- 
tion. 

The lower portion of the river, west of Pocatello, has only a slight 
fall. The normal flow during the irrigation season is largely diverted 
for irrigation, and, as the Chesterfield reservoir of the Portneuf- 
Marsh Valley Irrigation Co. stores much of the winter flow the possi- 
biUty of developmg power on the lower portion of Portneuf River is 
unattractive. 

Rosa Fork. — On the North Fork of Ross Fork there is a smaU 
power site, where it is reported that a head of 284 feet can be ob- 
tained in a stretch along the stream of about 2 miles. The available 
flow is probably about 10 second-feet, except in times of extreme low 
water, and approximately 260 horsepower can be developed on the 
wheel shaft. This site has been considered by the Indian Service as 
a source of power for the buildings of the reservation headquarters. 
The lands which will be required for this development have been 
reserved. 

Lincoln Creek. — ^Except in its headwaters, Lincoln Creek has only 
a moderate fall. The low-water flow is about 3 second-feet and sinks 
before it reaches Blackfoot River. The power possibilities of this 
stream are therefore unimportant. 
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MINERAL RESOURCES OF ALASKA, 1919. 



By Alfred H. Brooks and others. 



PREFACE. 



By Alfred H. Brooks. 



This volume is the sixteenth of a series of annual bulletins* treating 
of the mining industry of Alaska and summarizing the results achieved 
during the year in the investigation of the mineral resources of the 
Territory. These reports are intended to give prompt publication of 
the more important economic results of the year. The time available 
for their preparation does not permit full office study of the field 
notes and specimens, and some of the statements made here may be 
subject to modification when the study has been completed. Those 
interested in any particular district shoiild therefore prociu'e a copy 
of the complete report on that district as soon as it is available. 

This volume, like the others of the series, contains an accoimt of 
the mining industry, including statistics of mineral production and 
also preliminary statements on investigations made by the Geological 
Survey. It is intended that this series of reports shall serve as con- 
venient reference works on the mining industry for the years which 
they cover. It is not possible for a member of the Survey to visit 
every mining district each year, and therefore the information used 
in preparing ^he summary on mining development is in part obtained 
from other reliable sources. 

During the war many members of the technical staff of the division 
of Alaskan mineral resources were called into the military service or 
employed in other war work. Owing to this transfer of personnel 
and because the Alaska investigations and surveys were not deemed 
to be directly important to the winning of the war, a reduction in the 
appropriation was made. Unfortunately the appropriation has not 
yet been restored to its prewar status. Meanwhile the cost of the 
field investigations has greatly increased. As a result many important 

> Tbe preoediDg volume? in this series are U. 8. Oeol. Survey Bulls. 259, 284, 314, 345, 379, 442. 480, SM, 
542, S82, 622, 642, M2, 092, and 712. 
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surveys have had to be deferred, and this year's report is much 
smaller than those that have preceded it. 

Again, as for many years in the past, the Geological Survey is imder 
great obligation to residents of the Territory for valuable data. 
Those who have thus aided include the many mine operators who 
have made reports on production as well as developments. There 
are stiU some Alaskan mineral producers who fail to respond to re- 
quests for information. Many prospectors, Federal officials, en- 
gineers, and officers of transportation and commercial companies have 
contributed valuable data. It is impracticable to mention by name 
all who have aided in this work, but it should be stated that without 
the assistance of these public-spirited citizens the preparation of this 
report would have been impossible. Special acknowl^gments should 
be made to the Director and other officers of the Mint; the officers of 
the Alaska customs service; the officers of the Alaskan Engineering 
Commission; the American Railway Express Co.; G. Howard Birch, 
of Nizina; F. E. Youngs, of Seward; R. N. Moyer and Sidney Ander- 
son, of Anchorage; N. D. Bothwell, of the Willow Creek district; W. 
K. McLennan and R. E. Steel, of Chisana; John Elden, of Steel 
Creek; C. E. M. Cole, of Jack Wade; P. J. Hilliard, of Eagle; Charles 
Zielke, of Nenana; J. A. Fairbom, R. C. Wood, and the First National 
Bank, of Fairbanks; Charles May^eld, of Richardson; Joshua L. Ray, 
of Healy River; M. T. Robinson, of Tofty; Alexander Mitjchell, of 
Glen Creek, Kantishna; George W. Ledger, of Rampart; B. J. Bower, 
of Greenstone Creek, Ruby district; Herman Willeke, of Flat Creek, 
Ruby district; C. A. Boemer and C. E. Taylor, of Iditarod; Harry 
Madison, of Tolstoi; G. C. Glass and B. B. Smith, of Ophir; R. W. J. 
Reed and E. W. Quigley, of Nome; H. E. Carter, Thomas Aiken, and 
Charles Mespelt, of McGrath; William Loiselle and A. Stecker, of 
Kwinak; Lewis Lloyd, of Shungnak; George L. Stanley, of Kiana; 
and Volney Richmond, of the Northern Commercial Co. 



THE FUTURE OF ALASKA MINING. . 



By Alfred H. Brooks. 



OTJTIiINE. 



The Alaska mining industry, which has turned out products having 
a total value of $438,160,000, began in 1880 with the recovery of some 
$20,000 worth of gold from placers near Juneau. Of this total value 
96 per cent is to be credited to the gold and copper deposits, but 
Alaska mines have also produced silver, platinum, palladium, tin, 
lead, antimony, tungsten, chromite, coal, petroleum, marble, gypsum, 
graphite, and barite, and development work has been done on 
deposits carrying nickel, iron, molybdenite, and sulphur. 

The exploitation of Alaska's mineral wealth before the war showed 
a rather steady growth, with some fluctuations from year to year, 
such as are more or less inherent to mining in remote regions. 
This advance was made in spite of the handicaps imposed by isola- 
tion, the inadequacy of means of communication, and the long exist- 
ing interdict on the development of the coal and oU fields. Then 
came the change of industrial conditions wrought by the war. Its 
first effect was to increase Alaska's output of copper enormously, 
owing to the high price of that metal, and this increase in 1916 
brought the value of the total mineral output of Alaska up to over 
$48,632,000, a larger amoimt than that for any other year since 
mining began. (See PI. I.) The decline in price and market demand 
for cppper since 1916 has greatly reduced Alaska's output of copper. 
Meanwhile the world-wide depression of the gold-mining industry has 
also greatly affected Alaska. As a consequence the value of the total 
mineral output of the Territory in 1919 was only $19,621,000, as com- 
pared with $28,254,000 in 1918, and was the lowest annual value since 
1914. 

This veiy marked decline of Alaska's mining industry has been 
noted with alarm by many who are interested in the Territory and 
has been especially disconcerting to the general public, because it 
came at a time when large Government funds were being expended 
on a railroad intended primarily to open up the mineral resources of 
the interior. This decline is not due primarily to local causes, how- 
ever, but is largely the result of world-wide industrial conditions 
brought on both by the war and by the readjustments that have 
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followed it. It is pertinent to inquire what the future holds forth for 
Alaska mining. If it is true that the decline in output is due to the 
general instability of industrial conditions recovery must await the 
improvement of these conditions. It would lead us too far afield to 
attempt here to discuss any of the broad problems connected with 
the present economic situation and its betterment. The purpose of 
this paper will be met by assuming that these conditions will improve. 

Although many local factors affect the future of the Alaska mining 
industry, the most important consists of the mineral reserves. Unless 
the accessible reserves are large enough to support a future growth the 
mining industry, no matter how favorable may be the conditions of 
exploitation, will languish. Those who have inquired about the 
quantity of mineral reserves have usually received the stereotyped 
answer that Alaska has vast stores of mineral wealth awaiting develop- 
ment. However true this may be, the public has a right to know 
on what facts such statements are based. An attempt will be made 
here to summarize briefly these facts, 'which are scattered through 
scores of publications of the United States Geological Survey,^ and 
to forecast, so far as may be, the future of Alaska as a producer of 
minerals. 

Before considering the future of the mining industry, it will be 
desirable to examine briefly the record of the past as expressed by the 
value of the mineral output. The statistics of mineral production are 
given in a later section of this report (see pp. 59-76) and are expressed 
graphically by the accompanying diagram (PI. I). On this diagram 
the value of the total mineral output and of the copper and gold is 
shown by curves, which give a measure of the mining industry for 
the last 40 years. The curves, though recording fluctuations from 
year to year, show on the average a rather uniform growth of output 
until the outbreak of the war in 1914, since when Alaska's mining 
industry has been unstable. If the pre-war curve showing the value 
of Alaska's total mineral output is projected over the last five years, 
it will indicate that uiidor normal conditions the .value would have 
been about $22,000,000 in 1919. It is significant that the actual 
value of the output in 1919 ($19,621,000) was only about 10 per cent 
below this normal value indicated by the curve. This in itself is very 
encouraging, for it indicates that the Alaska mines are on an average 
nearly holding their own, in spite of the present abnormally adverse 
conditions. 

The pre-war curves might, of course, be projected also into the 
futiu'e, with a view of thus obtaining a rough estimate of the probable 
developments of the Alaska mines. Such an estimate would have 
little value, however, because the mineral output of the past does not 

» A list of the principal publication? of the Geological Survey relating to the geology and mineral resource* 
of Alaska is appended to this volume. 
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indicate the ohaxiges that wiU be brought about by the construction 
of the raiboad and wagon roads, the reduction in freight charges, and 
the opening of the oil and coal fields. Moreover, such an estimate 
would assume, without proof, that Alaskans mineral reserves are 
ample to support a growth of the mining industry in the future at the 
same rate as that of the past. The quantity of the several minerals 
occurring in Alaska is evidently the significant element in the problem. 
In discussing these reserves it will be desirable to limit the estimate 
to those which are now or can soon be made available. 

An estimate of Alaska's mineral reserves would be difficult enough 
even with complete geologic maps of the entire Territory. Only 
about 20 per cent of Alaska has been covered by even reconnaissance 
geologic surveys, and leas than 1 per cent by detailed surveys. This 
meagemess of geologic data is in a measure offset by the fact that 
the areas surveyed cover much of the immediately accessible parts 
of the Territory, where the most extensive mining developments of 
the near future are to be expected. The information at hand, how- 
ever, at best does not permit quantitative estimates of reserves. 
Nevertheless, it indicates the areal distribution of the mineral deposits 
(PI. II), and a study of their geologic occurrence gives a basis of 
forecasting their availability to the miner. These data, consid- 
ered in connection with the accessibility of the deposits and the 
probable market for their output, will afford a rough measure of 
their availability in the near future. 

GOLD MINING IN THE PAST. 

During 40 years of mining Alaska has produced gold to the value 
of $311,665,000, of which $218,000,000 is to be credited to the placer 
mines. The first notable impetus given to gold mining in the. Terri- 
tory was the discovery of the Nome placers in 1898 and their rapid 
development, which reached its maximiun in ld06. Meanwhile the 
placer gold from the Fairbanks district, first developed in 1903, 
helped to swell the gold output, into a maximum production in 
1909. Much the larger part of the placer gold recovered in these 
two fields, as well as in most other placer districts, such as Iditarod, 
Hot Springs, and Koyukuk, has been taken from relatively small and 
very rich or so-called bonanza deposits rather than from larger bodies 
of gravel having a lower gold content. The production of placer 
gold in the past has therefore been maintained by the exploitation 
of new bonanzas rather than by larger installations in the developed 
districts. Since 1911, however, there has been a gradual improve- 
ment in mining methods, notably in the use of gold dredges, by 
which over $20,000,000 worth of gold has been recovered. . 

Auriferous lodes in Alaska have yielded $92,000,000 worth of 
gold, of which more than 80 per cent has come from the six large 
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low-grade mines of the Juneau district. Lode mining in the Juneau 
district rather steadily increased from the first large installation in 
1887 to the depression that followed the outbreak of the war, which 
occurred at almost the same time as the wrecking of three of the 
Treadwell mines by an inflow of sea water. Successful lode Tnining 
at Juneau, in complete contrast to most of the placer operations, has 
been based on the exploitation of low-grade deposits on a very lai^e 
scale. The mines have, indeed, been operated at a lower unit cost 
than any others in the world. The average value per ton of the gold 
and silver recovered from the ore produced in these mines since 1882 
is SI. 95. The small margin of profit was offset by the very lai^e 
tonnage of ore handled. Because of the small margin these opera- 
tions were naturally among the first to react to the economic con- 
ditions that have affected gold mining so adversely. 

Most of the lode mines outside of the Jtmeau district have been 
small ventures that could practice none of the economies introduced 
at Juneau. Therefore, with the decline of mining at Juneau Alaska's 
auriferous lode-mining industry has received a serious setback. 

To sum up, the production of placer gold has been founded prin- 
cipally on bonanza mining, while lode mining has been supported 
chiefly by the large-scale exploitation of low-grade ores. The 
tendency of bonanza mining has been to cause considerable fluctua- 
tions in the annual gold output, but these fluctuations have in a 
measure been offset by the steady production of the large Juneau 
mines. 

The minor fluctuations in the annual gold output of Alaska are 
caused by the local mining conditions rtferred to above. There is, 
however, also a larger pulsation of this output, which is responsive to 
the general economic conditions, industrial, financial, and political, 
that affect the gold output of the entire world. The close parallelism 
between the gold output of Alaska and that of the world is shown 
in Plate III. This diagram shows that the larger oscillations of 
the world's gold production are clearly recognizable in the Alaska 
output, though Alaska at best has produced less than 5 per cent of 
the world's gold. This diagram also shows a tendency of the 
Alaskan gold output to lag a year or two in its adjustment to the 
general industrial conditions of the world. This delay is no doubt 
due to the isolation of many of the Alaska placer districts, which 
necessitates that preparations for mining be made a year or more 
in advance. The facts stated above show clearly that whatever 
local conditions may affect Alaska gold mining and however these 
may be improved by the construction of railways and roads and a 
betterment of the steamboat service, the progress of the industry 
is to a large extent controlled by factors that are world-wide in their 
effect. The gold miner now finds that, while his product commands 
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the same price as in the past, yet his costs, like those in all other 
industries, have enormously increased. For the purpose of this 
paper it will be assimied that these conditions will change, ¥dthout 
discussing when or how this change will be brought about. 

OOIiD PIiACERS.' 

Auriferous gravels are very widely distributed over Alaska (see PI. 
II, in pocket), but it is only in comparatively small areas that their 
gold content is high enough to permit profitable exploitation or, in 
other words, to constitute a placer. The question whether a body 
of auriferous gravels is a placer depends on the cost of its exploitation. 
If it can be exploited at a profit it is a placer, no matter how small 
its gold content. At one locality a body of ^gravel carrying less than 
25 cents worth of gold to the cubic yard may be a placer, whereas 
at another a body of gravel whose gold content has a value of several 
dollars to the cubic yard may be worthless. Some of the conditions 
that affect mining costs, such as physical character and thickness of 
the deposit, grade of streams, and availability of water, are fixed. 
Others, relating chiefly to accessibility, may be improved by better- 
ment of means of commimication. Thus a body of gravel whose gold 
content is too low fo^ profitable exploitation at one time may, with 
improvements in transportation, become a valuable placer.' In the 
early days of mining at Nome gravels that carried less than $5 in 
gold to the cubic yard could not be profitably exploited, but in 1918 
the 21 dredges operating on Seward Peninsula made an average gold 
recovery per cubic yard of only 40 cents. Again, the average value of 
gold in all the gravel mined in Alaska in 1911 was $2.17 per cubic 
yard; in 1918 it was $1.20. This change has been due to a cheapen- 
ing of mining cost, both by larger installations and by better means of 
communication. These facts of themselves make it impossible to 
estimate closely the reserves of the Alaska placers, even if the quantity 
and gold contents of the auriferous gravels were known, for it is im- 
possible now to forecast what part of these gravels will in the future 
prove to be workable placers. On the assimiption, however, that 
profitable mining will be possible in the future on the same grade of 
placers as it has in the past, a rough measure of the placer reserves 
can be arrived at. 

A careful scrutiny of all the available geologic, statistical, and 
mining data indicates that the original total length of creek gravels 
that probably carry enough gold to be classed as placers is about 
1,050 miles. Of this total, deposits aggregating about 200 miles are 
on creeks whose alluvial floors are 15 yards or less in width, and the 

1 llw geologic features of some Alaska placers are set forth by A. H. Brooks In U. 8. 0«oL Survey BolL 
8a8,pp.m-199,l«)8. 
• Brooks, A. H., The future of gold placer mining in Alaska: U. 8. QeoL Surrey Bull. 822, pp. 09-7B, *'^' 
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rest on streams whose valley floors are chiefly from 50 to 100 yards 
wide, with some that have a width of 300 yards or more. In this 
total mileage have been included only those stream gravels which have 
been mined or more or less prospected. The many large deposits of 
gravels which are known to be auriferous but about whose gold con- 
tent no information is available are not included in this estimate. 

It is believed that of this 1,050 miles of original gold placer ground, 
250 miles has been mined out. The value of the total placer-gold 
output of Alaska is $218,000,000, of which about $18,000,000 is to 
be credited to beach and high bench placers that are not included in 
this estimate of stream gravels. Therefore, as nearly as can be deter- 
mined, the stream gravel placers thus far exploited have yielded gold 
to the value of $800,000 to the mile. Much of the placer gold has been 
won from bonanza deposits, such as those of Nome, Fairbanks, and 
Hot Springs. The Fairbanks placers have produced about $2,000,000 
worth of gold to the mile for the ground actually mined, and the 
recovery from the creek placers of the Seward Peninsula* has been 
about $500,000 to the mile. On the other hand, the recovery has 
been only $50,000 to the mile in some of the poorer districts. 

Although it is quite possible that other very rich creek placers will 
be foimd in Alaska, notably in the Yukon and Kuskokwim basins, 
where there are many streams that have not yet been thoroughly 
prospected, yet a forecast of the future can not take accoimt of such 
possible discoveries, and must include in the estimate of available 
reserves only placers about whose gold content there is some infor- 
mation based on actual development. If the gold-placer reserves 
are measured by the least valuable creek placers that have thus far 
been developed, namely, at $50,000 a mile, the total value will bo 
$40,000,000; if the estimate is based on the average gold recovery of 
the past, the total value will be $640,000,000. The truth will lie some- 
where between these two extremes. In the writer's opinion it will 
be conservative to estimate the value of the undeveloped creek placers 
at $200,000 a mile, a figure which will make the value of the total 
creek placer reserves $160,000,000. To these must bo added the 
reserves of bench and ancient beach and gravel placers. Deposits 
of these types have been developed and tested only on Seward Pe- 
ninsula. It was estimated some years ago that the value of the 
gold reserves in the gravel-plain, anciont-beach, and high-bench 
placers of Seward Peninsula was about $215,000,000.* Subtractintr 
the amount of gold that has since been mined from those deposits 
leaves the value of the reserve $200,000,000. This very large reserve 
compared with those of other parts of Alaska is duo largely to the fac'|, 
that in Seward Peninsula the cost of mining has been much lower 

3 The richest ground in Seward Peninsula has been in the beach and high bench placers. 
« Brooks, A H., U. 8. Geol. Survey Bull. 328, pp. 135-138, 190g. 
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than elsewhere in Alaska. Therefore deposits of a low gold tenor 
are included in the reserve. 

Though the above estimates of available placer gold reserves may 
appear extravagant to some, a comparison will show that they are 
moderate. Recently a conmiittee of experienced Fairbanks mine 
operators under the leadership of John A. Davis, of the Bureau of 
Mines, collected all available information on the dredging ground of 
the Fairbanks district. This information was carefully checked by 
Mr. Davis, and as a result it was estimated that the dredging ground 
on the creeks immediately tributary to Fairbanks includes a total 
of 218,000,000 cubic yards, with an average gold content of about 
46 cents to the cubic yard and a total reserve of gold of the value of 
$100,200,000.' During the 17 years of mining at Fairbanks some 
$70,000,000 worth of placer gold has been mined out, yet there still 
remains in the ground, according to a conservative estimate, over 
$100,000,000 worth of gold. 

In view of the above facts it is believed that the available placer- 
gold reserves in the developed districts of Alaska have a value of at 
least $360,000,000 and perhaps of twice that amount. There is also 
the possibility of discoveries of new deposits, of which not even a 
rough estimate can be made. ' 

OOU) LODES. 

Few of the Alaska gold-lode mines have blocked out ore to supply 
them for more than a few years in advance, and therefore there is 
no basis for estimating their reserves, which are developed from year 
to year. The lai^e Juneau mines, where development work has 
usually been kept well in advance of the stoping, can for the present 
not be counted as a very definite source of gold. Most of the other 
amriferous lode mines are equipped with only small plants. Many of 
them are, indeed, only prospects with small mills, operated for only 
a part of the year. Were the future of Alaska's gold-lode mining 
dependent on the developed mines, the outlook would not be hopeful. 

In the absence of developed ore bodies the future of lode mining 
must be gaged by considerations of the geologic occurrence and dis- 
tribuiion of the ores. Such facts can not be interpreted in terms of 
reserve tonnage, yet they will serve to indicate the probability of 
discoveries. 

The wide distribution of gold placers is in itself an indication of 
widespread mineralization. Gold placers by no means give definite 
evidence that the gold is sufficiently concentrated in its bedrock 
source to be profitably mined. Yet the placers show that the bed- 
rock is mineralized, and this fact alone augurs well for the discovery 

^ CcDStructlon of Alaska Railroad: Mth Cong. , 1st sess.. Hearing before the HooM Committee on Tertl- 
tortai on H. R. 7417, July 23, 24, 26, and 81, 1019, p. 142. 
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of auriferous veins. Moreover, some auriferous quartz veins have 
been found in nearly every placer district. (See PL II, in pocket.) 
Tlie geology shows that the Alaska auriferous quartz is genetically 
related to intrusive granitic and kindred rocks.* Such intrusive rocks 
are widespread in the territory south of the crest of the Arctic Moun- 
tain system. The geologic conditions are therefore favorable to the 
occmrence of auriferous quartz veins. This fact has been generally 
recognized, and the question is often asked why more lode mines 
have not been developed. A partial answer, to ibia question lies in 
the fact that in much of Alaska lode prospecting is beset by the 
diflSculty that the bedrock is masked by a mat of moss and other 
vegetation. Therefore the lode prospector has httle to guide his 
search except the distribution of placer gold. Moreover, there has 
been little incentive to lode prospecting. The inaccessibihty of so 
much of Alaska has prohibited mining development except such as 
could be carried on with the. simple tools and methods of the placer 
miner. Much of the placer mining has been done far from navigable 
rivers, where there were no roads and few, if any, trails. Under such 
conditions lode mining can not thrive. 

On the other hand, where a region has been made even reasonably 
accessible small lode-mining industries have sprung up, as, for ex- 
ample, in the Willow Creek and Fairbanks districts. The evidence 
in hand indicates that gold-lode mining in Alaska has only begim, for 
there are many districts that contain evidence of the presence of 
auriferous veins. Though no quantitative statement of reserves of 
lode gold is possible, there can be little doubt that when norm€j eco- 
nomic conditions become reestablished and transportation is pro- 
vided, lode mining will be undertaken in many localities. It is quite 
possible that the reserve cf lode gold far exceeds that of the placers. 

COPPER. 

GENERAL FEATUBE8. 

The total copper production of Alaska to the end of 1919 has been 
545,007,336 pounds, recovered from 3,736,000 tons of ore. The first 
copper-mine developments were in the Ketchikan district, but pro- 
duction began in 1900 in both the Ketchikan and Prince William 
Sound districts. The first large shipments of copper ore from the 
great Kennecott mine, in the Chitina district, were made in 1911, 
after the completion of the Copper River Railroad. At about the 
same time the Beatson-Bonanza mine, on Latouche Island, in the 
Prince William wSound region, was opened on a large scale. In 1913 
the Jumbo and Mother Lode mines of the Kennecott group began 
shipping ore. These two, together with the original Kennecott mine, 

•Brooks, A. H., Geologic features of Alaskan metalliferoua lodes: U. 8. Qeol. Survey Bull. 480, pp. 
^J-r^, 1912. 
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are operated on very rich chalcocite ore, and it is their output which 
has so greatly swelled the copper output of Alaska. It was a for- 
tunate coincidence that these rich mines should have been prepared 
to take advantage of the war prices of copper. The large output of 
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nomts 1.— DiaframBhowing progresB of Alaska copper-mlnliig iDdustiy. The curves are logarithmio and 
therefore may be directly compared with reBi>ect to rate of increase or decrease. The same slope indi- 
cates the same rate of change, irrespective of the quantities involved. 

copper ore from these three bonanza deposits has greatly benefited the 
industries of Alaska and has stimulated other copper-mining ventures. 
The Beatson-Bonanza, the only other large copper mine in Alaska, is 
working a large body of copper ore of much lower grade than that of 
the Kennecott group. This ore is concentrated by oil flotation before 
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shipment. Most of the other copper mines are small, and many are 
developing ore bodies which are not large and whose copper content 
is low. As a consequence of this condition and of high freight rates, 
many of the small mines have been operated only dming the period 
of high price for copper. This fact is illustrated by the accompanying 
diagram (fig. 1). Even during the periods of high prices, espteially 
during the war, lack of shipping or refusal of smelters to take the ore 
has prevented the operations of some small mines. As a consequence, 
there is general discouragement among the smaU producers, and their 
number is decreasing. 

The history of the Alaska copper-mining industry is well illus- 
trated by figure 1. This diagram shows the annual Alaska copper 
production, as well as the price of copper and the niunber of mines 
operated. For the sake of comparison the curve of the annual copper 
output of the United States is added. A comparison of the copper 
production of Alaska and that of the United States shows that the 
former represents an imstabilized industry. Although its larger 
fluctuations harmonize with those of the output of the United States, 
yet its pulsations very closely accord with changes in the price of 
copper. The prod\iction of copper in Alaska has in general been 
greatly on the ascendancy during the last decade, yet this rise must 
be credited to the mining of the very rich ores of the Kennecott 
group. No one can predict how long this bonanza copper rnining 
will continue, but it probably can not be coimted upon to support a 
permanent industry. For example, had there been no mining in the 
Kennecott group during 1919, only one large and four small pro- 
ducing copper mines would have been operating in all Alaska, 
Though there is no reason to believe that for the present Alaska's 
copper production will decline, except in so far as it is affected by 
world-wide industrial conditions, yet it is not to be expected that a 
large and growing permanent industry can be based on the present 
developments. In spite of these conditions the outlook for a larger 
copper production from Alaska in the years to come is very favorable. 
Though the tonnage of ore actually developed is small, the distribu- 
tion or copper deposits is very wide. (See PI. II, in pocket.) 

In view of the importance of the copper resources of Alaska and of 
the considerable variety in their occurrence, they will here be con- 
sidered in greater detail than those of the other valuable minerals. 
The geologic aspect of the subject, notably the genesis of the deposits, 
will receive only brief mention. This matter is more fully discussed 
in the many publications cited, which also contain descriptions of 
individual deposits. 

That part of the geologic history bearing on possible enrichment 
of the copper deposits, however, deserves special mention. Most of 
the Alaska copper districts have been profoundly glaciated in recent 
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timeSy and as a result the zone of surface oxidation and enrichment 
has been removed. Postglacial time has been too short to permit the 
formation of any deep zone of oxidation. Grant and Higgin^ have 
suggested the possibility that some of the chalcopyrite deposits of 
the Prince William Sound may have been enriched during preglacial 
time.^ Neither the facts revealed by mining operations of the 
decade that has elapsed since the Grant and Higgins survey was made 
nor the detailed geologic investigations by B. L. Johnson in this 
province have given any support to this suggestion, which was only 
tentatively advanced by its authors. All the evidence points to the 
conclusion that these sulphide minerals are primary. The same is 
true of the copper sulphides of the Ketchikan district. Bateman and 
McLaughlin, in an exhaustive study of the Kennecott ore bodies, 
hold that although the evidence is not entirely conclusive, yet it 
points to the conclusion that these chalcocite ores are primary.' 

The sulphide copper deposits of the Susitna, niamna, and Nabesna^ 
White River districts all occur in glaciated regions. Little under- 
ground work has been done on these deposits, but their mineral 
character and geologic occurrence indicate that their ores are also 
primary. It may be added that this is in general also true of Alaska 
ores other than copper. Exceptions are to be looked for in the un- 
glaciated regions, however, notably in the Yukon and Kuskokwim 
basins and on Seward Peninsula. In these regions there has been 
as yet no deep mining, so that positive evidence of a change in tenor 
with increasing depth is lacking. In places, however, some evidence 
of a deep zone of surface oxidation has been found. As the surface 
material is in general permanently frozen, this oxidation must have 
taken place before the formation of the permanent groimd frost; 
and as the permanent ground frost is a survivor of the glacial climate 
of the past, this oxidation was preglacial. 

The practical deduction from these facts is that no greater varia- 
tion in the mineral composition and copper content of the Alaska 
ores is to be expected at depths to be reached by future mining than 
has already been noted within a few feet of the surface. This is 
true of all the important Alaska copper districts thus far discovered, 
but possibly it does not hold for ore deposits which may occur in 
the unglaciated or only slightly glaciated regions, such as the Yukon 
and Kuskokwim basins and Seward Peninsula. 

THB DEPOSITS, BY DISTRICTS. 
SOUTH£A8TEBN ALASKA. 

AU the productive copper mines as well as the largest developed 
cupriferous ore bodies of southeastern Alaska are in the Ketchikan 

T Giant, U. 8., and Higgins, D. F. ReooonaJssanoe of the geology and minoral resouioes of Prince William 
Soond: U.S. Geol. Survey Bull. 443, pp. fi6-«0, 1910. 

* Bateman, A. If., and McLaughlin, D. H., Geology of the ore depoiits of Kennecott, Alaska: Ecor 
Geology, vol. 15, pp. 66-80, 1920. 
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district.* Copper is widely distributed in the Ketchikan district 
and, as will be shown, occurs in deposits of several distinct types. 
The most important so far as present production and extent of 
proved ore bodies are concerned are the contact deposits, which 
have yielded more than 08 per cent of the copper produced in the 
KetcUkan district. 

The largest of the developed contact lodes are essentially 
chalcop3rrite-magnetite deposits. Others which are less common 
consist mainly of chalcopyrite and pyrrhotite. All the ores carry 
pyrite, molybdenite, and specularite as accessory minerals. Some of 
the ores contain small amounts of nickel and traces of cobalt. The 
ores that have been mined carry enough gold to increase their value 
materially. In some localities a shallow surface zone of copper 
carbonates and other secondary minerals has been formed, but these 
deposits are not large enough to be of commercial importance. 

These deposits occur in or near the contact-metamorphic zone 
caused by the intrusion of granitic and dioritic material into the 
sedimentary rocks among which limestone predominated. Such 
deposits have also been foimd in the contact zone of schists, green- 
stone tuffS; and graywackes. 

The gangue of the contact deposits consists principally of minerals 
resulting from the alteration of the country rock and includes garnet, 
epidote, pyroxene, amphibole, and calcite. Calcite is sufficiently 
abundant in some of the ores to give them special value as flux. 
Quartz also occurs in all the deposits, but it is usually not abundant. 

The typical contact deposits are masses of irregular outline, and 
some have very poorly defined boundaries. In some places a little 
copper occurs in zones about 200 feet wide, but the ores thus far 
mined have been taken from the smaller and much richer shoots, 
which are irregularly distributed through the contact rock or the 
laiger bodies of low-grade ore. One difficulty that has beset the 
miner is the great irregularity in occurrence of the rich ore shoots. 
It is not uncommon to find an ore body whose horizontal cross section 
is almost square and which ends abruptly at the bottom. In many 
places search will reveal another ore shoot at greater depth. Hence 
there is little guide to the search for ore except the zone of contact 
metamorphism. The largest deposits thus far developed consist 

* The copper deposits of the Ketchikan district are described in the following publications: 

Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaska: U. 8. Oeol. Burwj 
Bull. 347, 1«08. 

Wright, C. W., Geology and ore deposits of the Copper Mountain and Kasaan Peninsula, Alaska: U. S. 
Geol. Survey Prof. Paper 87, 1916. 

Chapin, Theodore, Mining developments in southeastern Alaska: U. 8. Oeol. Survey Bull. 042, pp. 
83-100, 1016. 

Smith, P. S., Lode mhiing in the Ketchikan district: U. 8. Geol. Survey Bull. fi02, pp. 76-M, 1914. 

Chapin, Theodore, Mining developments in the Ketchikan and Wran(^ll districts: U. $. Qeol. Survey 
Bull. 662, pp. 63-75, 1918. 
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of huge bodies of magnetite in which chalcopyrite occurs both finely 
disseminated and in shoots of massive sulphides. 

Incidentally to the search for rich ore shoots, which are as yet 
the principal source of the copper produced, a considerable tonnage 
of concentrating ore has been blocked out. There are also much 
larger bodies of low-grade ore which contain too little copper to be 
now classed as commercial ores. The reserves of such ore have not 
been determined, and little is known of their average copper con- 
tent. It is probably true, however, that if a magnetite ore carry- 
ing 0.5 per cent copper could be utilized (see p. 41), the developed 
reserves would be very laige; also that the hope of finding other 
similar deposits is well foimded. 

Among the best examples of the contact copper deposits in the 
Ketchikan district are those at the Mount Andrew, Mamie, Poor- 
man, and It mines, on Kasaan Peninsula; the Rush & Brown mines, 
on Karta Ba}^; and the Jumbo and Copper Mountain mines, on the 
west side of Prince of Wales Island. 

Another type of the copper deposits of the Ketchikan district 
is represented by those occurring in cavities formed by shear zones. 
Though these deposits appear to be largely cavity fillings, there is 
evidence in some places that they are in part formed by replacement 
of the country rock. The principal metallic minerals of the shear- 
zone deposits are chalcopyrite and pyrite, but they also contain some 
magnetite, pyrrhotite, sphalerite, and galena, as well as some gold 
and silver. Coimtry rock, quartz, and calcite form the gangue of 
these deposits. The shear-zone deposits follow zones of fract\u*e 
that are parallel to the schistosity of the country rock. They are 
found in various kinds of country rock but primarily in greenstone 
schist, graywacke, and sheared diorite. 

There are two phases of the shear-zone deposits. One consists 
of lenses or tabular deposits, many of which are made up largely 
of rich massive sulphide xninerals. These have well-defined walls 
and are not imlike the cupriferous quartz veins described below. 
The other phase consists of disseminated deposits in which the 
sulphides are distributed through wide ^ones of sheared country 
rock, generally without well-defined walls. In some of the dis- 
seminated deposits the sulphide mineralization is rather evenly dis- 
tributed through the entire mass, which may thus be a large body 
of low-grade ore. More commonly, however, the mineralization is 
concentrated along certain zones determined by the intensity of 
the shearing. In soxne of the deposits there has been marked silici- 
fication over a considerable width, but the sulphide minerals occur 
chiefly in ore shoots and stringer leads limited to certain parts of 
the whole mass. Practically all these disseminated deposits include 
ore shoots in irregular and tabular niasses, and some are of sufficient 

7230**— 21— Bull. 714 3 
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size to form comjnercial ore bodies, as defined by the methods of 
mining and recovery that have existed in the past. 

Up to the present time mining of the copper ore in shear zones 
has been confined to the lenses and tabular masses occurring either 
as separate deposits or as a part of the lower grade disseminated 
ore bodies. The larger bodies of low-grade disseminated ore have 
received relatively little attention, and little is known of their copper 
content. It will require much prospecting and careful sampling to 
determine whether they are of commercial importance. 

Examph^ of the shear-zone deposits, including both the con- 
centrated and disseminated phases, are found at the Bush & Brown 
mines, on Karta Bay; at Niblack Anchorage and McLean Arm, on 
the east side of Prince of Wales Island; at the Corwin and Red 
Wing properties, near Hetta Inlet, and on Big Harbor (Trocadero 
Inlet), on the west side of Prince of Wales Island; and on McLeod 
Bay, Dall Island. 

There are also in the Ketchikan district some copper-bearing quartz 
veins and brecciated zones. The deposits of this type thus far 
developed are smaU and have been exploited chiefly because of their 
silica content. They are essentially chalcopyrite-bearing quartz 
veins but contain also pyrite, sphalerite, tetrahedrite, and galena. 
All carry gold and silver. In some the gangue includes calcite and 
barite. These veins occupy true fissures with well-defined walls and 
cut both sedimentary and igneous country rock. In some the sul- 
phides are well disseminated, but more commonly they occur in 
massive slioots separated by more or less l)arren vein matter. Chal- 
copyrite-bearing quartz veins are found in many ])laces in the Ketchi- 
kan district, but most of them are too small to warrant development. 
The largest developments on this type of deposit are at the Cimru 
property, on the north arm of Moira Soimd, and at the south end of 
Gravina Island. 

One other type of co})i)er deposit in the Ketchikan district deserves 
mention, even though as yet only one example of it has been devel- 
oped. Tliis occurs in p\Toxenite with gabbroic phases and appears 
to have been depositcil in a very irregular zone of fracture. It carries 
bomite, chalcopyritc, and metals of the ])latinum group, chiefly 
palladium. The gangue is ])ractically all country rock. This 
deposit, on which the Salt Chuck mine is located, was first opened as 
a low-grade copper dej)0sit but its present importance is due to its 
content of })alladium and platinum. (See p. 38.) 

It has been shown that the best developed of the Ketchikan cop- 
per deposits are those composed essentially of chalcopyritc, magnet- 
te, and p^Tite. Some of these liavo a considerable percentage of 
ime. Much of the successful mining of the past has been done 
because of the smelter demand for base ores and the premium paid 
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for a high iron content. The change m metalluigic practice has 
decreased this demand ^ producing an adverse effect on copper mining 
in the district. Limestone is abundant in southeastern Alaska.'® 

The Ketchikan copper deposits are not far from tidewater and are 
on good harbors open to navigation throughout the year. They 
are Connected by sheltered waterways with the smelters at Anyox, 
Tyee, and Tacoma. This condition should give cheap freight rates. 
The strong topographic relief, excellent timber, and good water 
powers of the district all favor low mining costs." 

A total of 543,498 tons of copper ore has been produced in the 

Ketchikan district since mining began in 1901. This ore yielded 

34,056,376 poimds of copper, gold to the value of $545,000, and 

255,440 oimces of silver. The average copper content of this ore is 

62.66 poimds to the ton, equal to 3.13 per cent. The average value 

of the gold and silver content is $1.31 a ton. The average value of 

the total metallic contents of the ore is $12.71 a ton. No attempt 

has been made to concentrate the Ketchikan ore except by hand 

sorting.' '* The small mines have normally maintained their ship- 
ping grade of ore at 5 per cent or more. 

The facts above set forth clearly indicate that the Ketchikan dis- 
trict contains copper deposits which are well worth investigating 
by those who have the capital to develop and reduce ores on a large 
scale. The physical conditions seem almost ideal for cheap opera- 
tions. Special attention should be directed to devising methods by 
which the iron content of the chalcopyrite-magnetite ores, as well 
as the copper, can be utilized. 

Some work has been done on copper deposits on Kupreanof and 
Woewodski islands, in the Wrangell district, adjoining the Ketchi- 
kan district on the north. These deposits are chiefly chalcopyrite- 
bearing quartz veins." Copper has also been found in a shear-zone 
deposit on William Henry Bay, an indentation on the west side of 
Lynn Canal. (See p. 108.) There are also some copper deposits 
associated with greenstones on Glacier Bay. The occurrence of a 
nickel-bearing copper ore in the Sitka district is noted below. (See 
p. 40.) 

*o Burchardy E. F., Marble resources of southeastern Alaska: U. S. Gool. Survey Bull. 682, 1920. 

" The Qranby Consolidated Mining, Smelting & Power Co. reports that in 1916-17 the cost per ton of 
ore produced, "including development and waste," at the Mamie mine was S3.733 (production 20,115 
tons) and at the It mine 15.54 (production 14,881 tons). This included the cost of much diamond drilling 
on both properties. (See report of company for year ending June 30, 1917, p. 20.) 

u» The palladium-copper ores of the Salt Chuck mine are^ concentrated by oil flotation. 

"Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaska: V. 8. Geol. Survey 
Bull. 347, pp. 140-142, 1908. ^ 

Chapin, Theodore, Mining developments in the Ketchikan and Wrangell mining districts: V. S. 
Geol. Survey Bull. 662, pp. 73-74, 1918. 
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FRINGE WILLIAM SOUND. 

Copper in the form of sulphides is very widely distributed on Prince 
William Soimd, but as yet commercial ore bodies of this metal have 
been developed at relatively few localities. Though some shipments 
of copper ore have been made from a dozen different properties, only 
three large mines have been opened. Most of the mining has been 
done by those who had little capital and hence were forced to con- 
centrate their efforts on the search for rich ore shoots that would 
promise immediate returns rather than on the prospecting of the 
larger ore bodies of lesser copper tenor, on which a more permanent 
industry could be established. As a consequence the present devel- 
opments have not aided much in determining the potential value 
of the copper deposits of the region as a whole. 

The following brief summary is based chiefly on the published 
reports dealing with the mineral resources of the region, especially 
those by B. L. Johnson, supplemented by some personal observa- 
tions of the writer. Information regarding the copper deposits of 
Prince William Soimd is contained in the following publications of 
the Geological Sm^ey: 

Grant, U. S., and Higgins, D. F., Reconnaissance of the geology and mineral 
resources of Prince William Sound, Alaska: Bull. 443, 1910. 

Capps, S. R., and Johnson, B. L., The EUamar district, Alaska: Bull. 605, 1915. 

Johnson, B. L., The Port Wells gold-lode district: Bull. 592, pp. 195-236, 1914. 

Johnson, B. L., Mining on Prince William Sound: Bull. 592, pp. 237-244, 1914; 
Bull. 622, pp. 131-139, 1915; Bull. 642, pp. 137-145, 1916; Bull. 662, pp. 183-192, 
1917; Bull. 692, pp. 143-151, 1919. 

Johnson, B. L., Copper deposits of the Latouche and Knight Island districts, Prince 
William Sound: Bull. 662, pp. 193-220, 1917. 

Johnson, B. L., Mineral resources of Jack Bay district and vicinity. Prince William 
Sound: Bull. 692, pp. 153-173, 1919. 

Copper has two essentially different mo<les of occurrence in this 
region. Chalcopyriteis found in many of the auriferous quartz veins 
hut principally as an accessory mineral. It may occur in sufficient 
quantity in some of these veins to form a low-grade siliceous copper 
ore. These auriferous quartz veins are widely distributed on the 
sound, but the most valuable thus far developed are in the Valdez and 
Port Wells districts. Many occur in close association with intrusive 
granites, and a genetic relation of these veins to granites is fairly well 
established. ITie chalcopy rite-bearing quartz veins have not been 
mined for their copper content. 

The only copper deposits that are as yet of commercial importance 
on the sound are those in shear zones. These deposits are confined 
to the regions where greenstones are present, and their genetic relation 
to the greenstones is therefore probable. The greenstones are chiefly 
ancient lavas, principally diabase. In places the greenstones include 
tuffs, and Jocaily they are altered by shearing into greenstone schists, 
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Some of the greenstones are intrusive sills, stocks, and dikes. Green- 
stones are rather widely distributed on the sound but are especially 
abundant near Cordova, in the EUamar district, on Knight Island, 
and in the Columbia Glacier region. Though the copper lodes appear 
to be limited to the districts where greenstones are found, the largest 
deposits thus far developed are in the sediments and not in the 
greenstones. 

The commercial bodies of copper ore on the sound as now known 
are essentially cavity fillings in zones of shearing and brecciation. 
There has also been some replacement of the country rock by mineral- 
bearing solutions, especially in the deposits occurring in some of the 
slates, which are more or less calcareous. 

So far as now determined two conditions appear to be essential for 
the occurrence of copper ores in this region. One is the presence of 
greenstones, either as the country rock or in the vicinity of the deposit, 
and the other is the occurrence of shear zones of considerable magni- 
tude. Sulphide mineralization is very common along planes of move- 
ment in the rocks of the sound, especially in the greenstone. It is 
only in the exceptional localities where the zone of shearing* and 
brecciation has sufficient width that ore bodies can be expected. 
Evidently the minimum width of a shear zone that can be profitably 
mined depends on the grade of the ore it contains. Thus rich ore 
bodies only 4 to 10 feet wide have been profitably exploited. The 
future of tiie district, however, depends on the development of low- 
grade disseminated deposits. Such an ore body is being worked at 
the Beatson-Bonanza mine, on Latouche Island, where the zone of 
crushing and shearing is several hundred feet wide. 

The shear zones in which the ore bodies occur were formed during a 
period of crustal disturbance that affected the entire province. These 
rock movements were intensified in certain localities that presented 
favorable conditions to the formation of ore bodies. It appears that 
the loci of intense movements were largely controlled by the physical 
character of the country rock. Among the diversified formations of 
the sound there were certain zones that were less resistant to move- 
ment than others, and here the largest shear zones were formed. The 
greenstones, for example, presented few lines of weakness, and in 
those rocks the movement was taken up by many fractures more or 
less generally distributed through the whole rock mass. Thus in the 
great greenstone masses of Knight Island there are innumerable frac- 
tures, many of which contain sulphides. 

Many of the narrow shear zones, in which the mineralization is 
practically confined to a single fault plane, and may be traceable only a 
very short distance, have been accepted by the prospector as evidence 
of the presence of ore bodies. As a result many valueless claims have 
been staked and much useless development work has been done. 
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Much of this futile expenditure of time could have been avoided by 
obtaining a reliable sample by means of a short open cut. 

In general it is true that the massive greenstone is not favorable 
for the development of wide shear zones, but exceptionally shear 
zones may be developed along a line of weakness presented by the 
contact of two ancient lava flows, as appears to have occurred at 
Rhoa Cove, Eoiight Island. Tuffaceous beds within the greenstone, 
as on Orca Bay, may afford favorable conditions for the formation 
of shear zones. In other localities, as at Landlocked Bay, the 
presence of beds of slate within the greenstone may afford loci of 
weakness wliere shear zones are likely to be developed. 

Among the sediments of Prince William Sound, which are chiefly 
graywacke and slates, the largest shear zones are within the weakest 
rocks. Tlie slates are particularly favorable to shearing movements 
and hence to the formation of mineralized shear zones. Examples 
of this type of deposit are found at Ellamar, at the Midas mine, 
near Valdez, and at Horseshoe Bay, on Knight Island. Some of 
the deposits in the slates have a strikingly lenticular form, probably 
beca^use they have replaced calcareous lenses in the slate. The 
Ellamar and Horseshoe Bay ore bodies are examples of this type. 

In other localities the shear zones are developed along inter- 
bedded slates and graywackes. In these zones the slates are more 
intensely crushed and mineralized than the graywackes. The 
Beatson-Bonanza ore body, the largest thus far developed, is an 
example of this form of deposit. A similar deposit, adjacent to it 
on the nortli, is that of tlie Girdwood mine. Otlier cxampk>s of 
this mode of occurrence are at the Shlosser, the Mcintosh, and the 
Mason & Gleason mines, near Fidalgo Bay. 

One other fact in regard to the localization of considerable shear 
zones deserves mention. The shearing seems especially pronounced 
where weaker strata have been crushed against a hard, re^sistant 
rock mass. Tims, at the Beatson-Bonanza and Girdwood mines the 
slates and thin-bedded graywackes have been crushed against the 
massive footwall graywacke. The Midas ore body is in slate, folded 
agauist liard gra>nvacke. At Fidalgo Bay massive graywackes are in 
juxtaposition to the mineralized shear zones developed along weaker 
rocks. At Ellamar and Landlocked Bay tlie mineralized shear zones 
lie-along th(^ margin of a mass of resistant greenstone. It appears, 
therefore, that wlicre weaker rocks were buttressed against resistant 
masses the slioajnng was intense and probably deep-reacliing open- 
ings were formed along whicli mineralizing agents could find passage, 
and tlie cruslied rock was favorable to replacement. 

Tlie ore bodies are all of the same general form, with the excep- 
tion of tlie lenticular deposits in the calcareous slates, already noted. 
Witliin the shear zones the most intense crushing or brecciation 
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follows certain beds, usually the softest rock. Thus, in the deposits 
occurring in graywacke and slates, the slates are the most intensely 
crushed and mineralized. Thin-bedded graywackes may also be 
crushed and impregnated with sxilphides, but heavier beds will be but 
little altered and may form horses in the deposit. The factors that 
control the distribution of mineralization in the greenstone are less 
evident. Here, too, the most intense mineralization is concentrated 
along certain zones. In addition the more massive parts of the 
shear zone may be impregnated by the sulphides,* but each ore body 
includes horses of unaltered country rock. It appears that the ore 
bodies in the slate show less variation in their sulphide content. 

Practically all the deposits contain rich ore shoots, of which many 
are made up of solid sulphides, irregularly distributed through the 
larger deposit of lower-grade ore. It is these rich shoots which have 
been sought for and mined by the smaller operators. The ore bodies 
upon which large-scale mining must be based are disseminated 
deposits of low copper tenor.*** Many deposits, notably those in the 
greenstone, have no well-defined walls, and their limits will be set 
by the minimum copper content that can be profitably recovered. 

The shear-zone deposits do not differ greatly in their mineral 
composition, the variations being chiefly in the relative proportion 
of a few sulphides. Chalcopyrite is in most places the dominating 
copper mineral, though some deposits carry a large percentage of 
the less valuable chalmersite. Pyrite is present in all the deposits 
in large quantities, but the percentage of pyrrhotite varies consider- 
ably. Some of the deposits are essentially bodies of pyrite carryuig 
more or less chalcopyrite (Horseshoe Bay). Another type is one in 
which pyrrhotite carrying disseminated chalcopyrite is the domi- 
nating mineral (Rhea Cove). Most of the ores contam sphalerite 
and galena as accessory minerals and some arsenopyrite. There is 
a little gold and silver in most of the deposits, and in some the gold 
amounts to several dollars a ton. 

As the country rock in these shear-zone deposits is ground up and 
intimately mixed with the sulphides, it constitutes the principal part 
of the gangue. Exceptions to this rule were foimd in some of the 
deposits occurring in slate, where the zone of fracture is cleaner and 
there is less coimtry rock included in the ore. This is notably true 
of some of the lenticular deposits. Both quartz and calcite occur 
as gangue minerals, as do also in less abundance chlorite and epidote. 
In many of the rich ore shoots there is but little gangue. 

As a rule the ores are base, with a high percentage of iron. The 
copper-bearing auriferous quartz veins have not been developed 
except for their gold content, but form a possible source of siliceous 

It* The ore mined at the Beatson-Bonanxa mine In 1919 had an average copper content of 1.95 per cent 
(Kameoott Copper Corp. Fifth Ann. Rept., 1919, p. 5, New York, 1020). 
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ores. There is practically no limestone on Prince William Somid, 
but limestone is abundant in the tributary Copper Biver valley and 
also occiuB at tidewater near Seldovia, on Cook Inlet.*' 

A little work has been done on the copper deposits near Cordova, 
which are in some respects different from the normal type. These 
occur along shear zones in a greenstone bedrock, which is in part an 
amygdaloidal basalt. They differ from the deposits described in 
containing considerable bornite as well as some native copper, with 
a gangue of quartz, caicite, and epidote. The native copper is 
probably secondary. 

The geology of the deposits above described shows that the condi- 
tions which lead to the formation of ore bodies are not complex. 
There is good reason to believe that they have occurred also in locali- 
ties not yet thoroughly explored undergroimd. Therefore the out- 
look is favorable for finding other ore bodies of equal value to those 
already opened. 

The first mining on Prince William Sound was done in 1900, and 
since then a total of 1,819,578 tons of ore has been produced, from 
which 94,185,716 poimds of copper, $1,099,176 worth of gold," and 
772,749 oimces of silver have been recovered. The average copper 
content of the ore mined was 51.76 pounds to the ton, or 2.58 per 
cent. On an average 60 cents' worth of gold and 0.43 ounce of silver 
were obtained from each ton of copper ore. This average gold value 
is somewhat misleading, i:>ecau8e much the larger part of the ore 
contains only an insignificant amoimt of gold. The average has 
been greatly increased by the high gold content foimd in part of the 
Ellamar ore body. The average value of the total metallic contents 
of the copper ores produced on Prince William Sound during 20 
years of mining is $11.32 a ton. 

Much the larger part of the above-stated tonnage is the output of 
the Beatson-Bonanza mine, where the ores are concentrated by oil 
flotation. No other attempts have been made to concentrate the 
Prince William Sound ores, but a mill is in course of erection at the 
Girdwood mine. Only high-grade ores have been shipped by the 
small mines, where the attempt has been made to keep the grade up 
to 8 or 10 per cent. This is done by mining only the richer ore 
shoots and by hand sorting the shipping ore. 

Nearly all the copper deposits of this region are readily accessible 
from tidewater, and the ore can usually be delivered at the beach by 
aerial trams. It is transported to the smelters of Washington and 
British Columbia by ocean routes open to navigation throughout 
the year. Given tonnage enough to justify the employment of 

" Martin, G. C, Johnson, B. L., and (Jrant, V . s., Geology and mineral resources of Kenai Peninsula, 
Alaska: U. S. (Jeol. Survey Bull. 587, pp. 111-112, 1915. 
" This o/ course does not include the gold recovered from the aurUerous quartz veins of the Sound. 
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suitable carriers, freight rates should not be high. On the other 
hand, should a sufficient tonnage be developed and local smelting 
of the ores prove to be economical, the necessary fuel should be made 
available from the high-grade coking and steaming coals of the 
Bering River and Matanuska fields or from the Cook Inlet lignites. 
(See pp. 48-49.) It has been shown that some siliceous ores could 
be obtained locally and that limestone is not far distant. 

The climate of Prince William Sound is no deterrent to operations 
throughout the year. Many of the ore bodies are topographically so 
located that they could be undercut. Timber, though not abundant, 
is ample for the purposes of mining. Small water powers are fairly 
abundant, and there are also some larger ones.^^ During the era of 
high prices there has been a shortage of labor in all Alaska mining 
camps. As a consequence miners' wages on the Soimd have of late 
been about 10 per cent higher than in the lode-mining districts of the 
States. Should copper mining ever develop on a large scale, there 
is no reason to believe that this difference would continue. On the ' 
wholci the controlling physical conditions on Prince William Sound 
are favorable to fairly low operating costs, though probably higher 
than in southeastern Alaska. 

COPPEB BIVEB BEGION. 

The richest copper lodes of Alaska are those developed by the 
Eennecott group of mines and are tributary to the Copper River & 
Northwestern Railroad. (See PI. II, in pocket.) These deposits are 
near the east end of a copper-bearing belt, which has been traced 
some 50 miles westward along the southern foothills of the Wrangell 
Mountains and as measured by present discoveries is from 5 to 15 
miles in width. The belt takes its name, the Kotsina-Chitina dis- 
trict, from the two principal rivers which carry its drainage into 
Copper River. There is evidence that this zone of mineralization 
extends eastward into the upper Chitina basin. Some cupriferous 
lodes have also been found southwest of the main belt, near the 
valley of Copper River. All these deposits may be regarded as a 
part of the same copper-bearing province, which finds outlet to 
tidewater over the railroad terminating at Cordova. 

The enormous copper production of the Kennecott mines has 
focused public attention on the types of lodes which have yielded 
these rich ores almost to the exclusion of all other types. There are, 
however, within the district a number of other forms of copper 
occurrence that are not without promise, though as yet unproduc- 
tive. To arrive at some measure of the potential value of the dis- 
trict as a future source of copper it will be desirable to sketch the 

** EUsworth, C. £., and Davenport, R. W., A water-power reooonalaaance In aoutb-oentral Alaska: 
U. B. 0«oi Surrey Water^upply Paper 873, ^^ 72-110^ 1916. 
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salient geologic features of several types of copper lodes which it 
includes. It will not be necessary to present details, for these are 
contained in many publications, notably in the reports of F. H. 
Moffit, who has devoted many years to a study of the Copper River 
region. Most of the facts here to be presented will be taken from 
Moffit's reports. The following list of publications relating to the 
district includes those of most importance to the present discussion. 
They are all Geological Survey publications except the last. 

Moffit, F. H., and Maddren, A. G., Mineral resourceB of the Kotsina-Ohitina region, 
Alaska: Bull. 374, 1900. 

Moffit, F. H., Mining in the Kotsina-Chitina district: Bull. 379, pp. 153-160, 1909. 

Moffit, F. H., Mining in the Chitina district: Bull. 442, pp. 158-163, 1910. 

Moffit, F. R., and Capps, S. R., Geology and mineral resources of the Nizina dis- 
trict, Alaska: Bull. 448, 1911. 

Moffit, F. H., The Chitina district: Bull. 520, pp. 105-107, 1912. 

Moffit, F. H., Mining in Chitina Valley: Bull. 542, pp. 81-85, 1913. 

Moffit, F. H., Geology of the Hanagita-Bremner r^on, Alaska: Bull. 576, 1914. 

Moffit, F. H., Mineral deposits of the Kotsina-Kuskulana district: Bull. 622, pp. 
103-117, 1915. 

Moffit, F. H., Mining in the lower Copper River basin: Bull. 662, pp. 155-182, 1917. 

Moffit, F. H., The upper Chitina Valley, Alaska: Bull. 675, 1918. 

Moffit, F. H., and Mertie, J. B., The Kotsina-Kuskulana district, Alaska: Bull. — 
(in preparation). 

Bateman, A. M., and McLaughlin, D. H., Geology and ore deposits of Kennecoti, 
Alaska: Econ. Geology, vol. 15, pp. 1-80, 1920. 

The copper lodes here to be considered are of five more or less 
distinct types and geologic association — (1) replacement deposits 
in limestones, (2) veins and disseminated deposits in greenstones, 
(3) contact deposits between limestone and intrusive diorite, (4) 
disseminated deposits in fractured diorite, and (5) fissure veins in 
various types of rock, in many of which copper occurs only as an 
accessory mineral. 

The dominating feature in the economic geology of the district is 
the contact between the hea\^^ Chitina limestone and a great series 
of the underlying ancient lavas called the Nikolai greenstone. Along 
the general zone of this contact, which is a very conspicuoiis feature 
in the landscape, occur the most valuable ore bodies yet found in 
the district. A little copper mineralization has occurred at many 
places along the actual line of demarcation, but the copper has not 
proved to be concentrated enough to form ore bodies. All the ore 
bodies as yet productive lie in the limestone above the contact, but 
the greenstones below also contain copper deposits, and some copper- 
bearing lodes cross the contact. 

Up to the present time interest has largely centered on ore bodies 
lying entirely above the contact and within the limestone, for it is 
here that the vcrv' rich bonanza deposits occur, the source of all the 
copper as yet produced. These deposits are due to the replace- 
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ment of limestone by copper sulphides along fractures produced by 
faulting. They consist mostly of chalcocite, with locally some 
covellite, bomite, enai^te, and chalcopyrite. These deposits have 
several forms — well-defined veins, stockworks made up of sulphide- 
bearing veinlets in shattered limestone, and masses, some of which 
are very large, of solid sulphides having irregular outline. It is 
the last type that has yielded the very rich copper ores for which 
the district is so famous. Most of these replacement deposits in- 
clude all the above-described phases. The massive sulphides as mined 
contain but little gangue, and this is chiefly lime. The stockwork 
deposits are of lower grade, and in these much calcite gangue is mixed 
with the ore. Ores of this class produced at the Kenn)9cott mines 
are concentrated by oil flotation before shipment. The ores of the 
replacement veins in the limestone of some localities are made up of 
chalcocite and bomite in varying proportions and also carry but 
little gangue. The Kennecott ores cany no gold but an appreciable 
amount of silver. In 1919 the average copper content of the shipping 
ore from the £ennecott mines was 45.51 per cent and of the concen- 
trating ore 10.24 per cent.*"* 

The limestone-greenstone contact, with which copper deposits 
of the type above described are associated, has been traced in the 
district for a linear distance of more than 60 miles. Sufficient 
evidence of liberalization in the limestone has been foimd in at 
least a score of localities to lead to the staking of claims, and on 
some of them considerable development work has been done. As 
yet, however, no large ore bodies have been proved except those of 
the Kennecott mines. This is perhaps not an encouraging result 
of 20 years of prospecting. It*should be noted, however, that, as 
will be shown, copper-bearing minerals are much more widely dis- 
tributed in the greenstone than in the limestone, and that much of 
the prospecting has been in the former. 

The rather complete geologic information available about the 
district is interpreted by the writer as indicating that there is no 
reason why other workable deposits of the Kennecott type should 
not be uncovered. There are no special geologic conditions at the 
developed mines which are not found at other places. 

One fact regarding the outcrops of such ore bodies should be 
noted. The outcrop that led to the discovery of the Bonanza lode, the 
first of the Kennecott group to be opened, was a very large one. 
Here by chance of erosion the outcrop was on one of the enormous ore 
shoots and stood up as a great mass of copper carbonate on a sharp 
crest. Had only one of the leaner parts of the lode appeared at the 
surface it would have been very inconspicuous and might not have 
received much attention. As it was, very little development work 

'^ Kemiecott Copper Corp. Fifth Ann. Rept., 1019, p. 5, New York, 1920. 
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on the Bonanza lode revealed a sufficient tonnage to justify the conr 
struction of nearly 200 miles of railroad. 

In contrast to the conditions above set forth are those which 
brought about the development of the Jumbo lode. The outcrop 
of this lode consisted of a zone of fracturing along which fine seams 
of chalcocite occurred. Though it was a very promising place for 
prospecting, there was nothing on the surface to justify a belief 
that an enormous ore body lay underneath, as proved to be the 
case. Had the development of the district depended on the surface 
showings of the Jumbo instead of those of the Bonanza, it would 
doubtless have been long delayed. 

It is therefore reasonable to suppose that there may be other 
large ore bodies in the limestone at localities where there is little 
evidence of their, presence on the surface, but these statements are 
not presented as an argument for haphazard underground explora- 
tion of the limestone for ore bodies that do not crop out. Such work 
is justified only at localities that show surface evidence of faulting 
and fracturing, as well as of some copper mineralization. The facts 
presented justify the belief that other workable deposits of the 
Kennecott type will be found. 

Traces of copper are present in much of the imaltered greenstone 
in the district, and local mineralization of the ancient lava flows is 
also common. Bateman and McLaughlin^* state that the exami- 
nation of many greenstone localities shows ''that hardly a green- 
stone specimen could be found which did not show appreciable 
copper, and numerous assays of greenstones from unmineralized 
areas yielded 0.11 to 0.60 per cent copper." Such occurrences are 
of course of no present commercial importance, but copper in more 
concentrated form occurs in many localities in the greenstone. 
Mineralization in the greenstone has produced both well-defined 
fissure veins and usually less well-defined and more disseminated 
deposits, which in general follow zones of fracturing arid shearing. 
These deposits are in part cavity fillings and in part replace the 
country rock. With them may also be classed the ill-defined de- 
posits of sulphides and native copper occurring along joint planes 
and as amygdaloidal fillings of lavas. 

The cupriferous veins that cut the greenstone and in part cross the 
contact into the limestone have furnished the best-defined ore bodies 
of the greenstone. Of such a type is the Nikolai lode, in the eastern 
part of the field, the first copper deposit found in the district. Veins 
of this type are essentially sulphide deposits containing one or more 
of the minerals bornite, chalcopyrite, chalcocite, and pyrite, with 
very rarely tetrahedrite. The gangue minerals are quartz and calcite 
with some epidote, but some veins consist almost entirely of sul- 

"Op, clt.,p. 19. 
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phides. Many deposits of this type have been found and some have 
been opened, but as yet none have shown any large tonnage of ore 
by the underground work done. The best hope for veins of this 
type lies in those that carry a high content of copper, and such veins, 
if accessible to the railroad, might be profitably exploited. 

The larger deposits of the disseminated type in the greenstone 
have the same mineral character as the veins but are found in zones 
of shearing rather than in fissures. They carry bomite, chalcopy- 
rite, chalcocite, and some native copper. Many of those developed 
are narrow groups of fissures which do not include any considerable 
mass of bedrock. In others the shear zones are much wider, and 
such deposits give promise of being conmiercial ore bodies. "V^thin 
the shear zones there may be one or more veins forming ore shoots, 
or the deposit may consist only of mineralized fractured rook. 
Though no mines have been developed on deposits of this type, the 
indications are sufficiently encouraging to justify the belief that some 
of them may prove to be commercial ore bodies. It will be imprac- 
ticable to list here the very many copper deposits of this type that 
have been more or less prospected in the district. 

Muiy of these deposits carry more or less native copper in slabs 
and slugs and as amygdaloidal fillings. The evidence thus far ob- 
tained indicates that this native copper is all secondary and has 
resulted from the oxidation of stdphides. Therefore the native 
copper will probably not be found to any considerable depth. It 
should be noted, however, that the evidence of the alluvial deposits 
indicates that some very large masses of native copper occur in the 
greenstone. On Nugget Creek, near the west end of the district, a 
mass of native copper, estimated to weigh two or three tons, has 
been foimd, and smaller nuggets are very common. Thousands of 
pounds of native copper have been won from the Nizina placers, in 
the eastern part of the district, incidentally to the mining of gold. 

Some copper deposits of contact-metamorphic origin have been 
foimd in the Euskulana River basin, in the western part of the dis- 
trict.^^ These lie in the contact zone between limestone and intru- 
sive diorite, and they are made up of irregularly distributed masses 
and veins of magnetite carrying pyrite and chalcopyrite. These 
contact deposits are essentially low-grade concentrating ores with 
some richer shoots of sulphide ores. Their mode of occurrence, so 
far as determined, is similar to that of the contact deposits of the 
Ketchikan district. (See pp. 15-16.) 

Another type of copper lode has been foimd on Clear Creek, in the 
Euskulana River basin.^* At this locality a dioritic rock is intruded 

11 MoiBt, F. H., Mining in lower Copper River basin: U. S. Qeol. Survey Boll. 662, p. 160, 1917. 
u Mofflt, F. H., Mineral deposits Qi the KQt^in^KwkvUao^ district: V. 8. Oool. Survey Bull. 622, p. 
113,191(. 
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into the greenstone. The diorite and adjacent parts of the green- 
stone have been fractured along a shear zone and are more or less 
mineralized by pyrite and chalcopyrite. These sulphides are dis- 
tributed in small gash veins and in larger veins along the planes of 
movement. In general this is a low-grade disseminated deposit 
with some richer ore shoots. A deposit of somewhat similar char- 
acter occurs in the Taral region.*' Here there is a shear zone in 
greenstone near an intrusive diorite contact. The ore consists of a 
series of parallel veins of pyrite and chalcopyrite, which lie in the 
zone of shearing. 

Fissure veins, valuable chiefly for their gold and silver content^ 
have been found at several localities in the district, and some of 
them carry more or less chalcopyrite. Such a vein has been opened 
at the Midas gold mine, where it cuts dioritic rocks. No large 
ore bodies of this type have yet been revealed, and it remains to be 
determined whether any such deposits could be coimted upon as 
possible sources of siliceous ore. 

The Kotsina-Chitina copper district is easily accessible by the 
Copper Kiver & Northwestern Railroad, which extends inland for 
192 miles from Cordova, a good harbor and ice-free port on Prince 
William Soimd. Outgoing shipments are on a down grade, and if a 
large tonnage were available reasonable freight rates should be 
expected. This railroad passes within 38 miles of the Bering River 
coal field (see pp. 47-48), and a short distance beyond this is the 
KataUa oil field (see pp. 52). These geographic facts would seem 
to favor the use of the copper deposits here described for the upbuild- 
ing of a local industry. The high-grade ores, with calcareous gangue, 
would meet ores of lower grade from Prince WiUiam Sound at Cor- 
dova, while near b}' there are sources of excellent fuel. 

There is no great amount of timber in the Kotsina-Chitina district, 
but it is sufficient to meet the immediate needs of a mining industry. 
The district is one of strong relief, and most of the ore bodies now 
known could be developed by adits. There are some large water 
powers in this general region, but most of them are not near tlie ore 
bodies. There are no climatic conditions in the district w4iich pre- 
vent mining throughout the year, though some difficulties are caused 
by snowslides. 

Although the conditions above described are in general favorable 
to the developments of the copper deposits, the present situation 
presents many drawbacks. The railroad traverses the southern mar- 
gin of the copper belt, making the district accessible as a whole, but 
many of the prospects are 5 to 25 miles from the track. No spurs 
have been built, and there are few wagon roads. Tliis condition 
makes development work expensive. In the event of the opening 

••Mofflt, V. H., Geology of the Hanaglta-Bremner r^ion, Alaska: U. S. CJeol. Survey Bull. 676, pp. 
^I'J2, 191 i. 
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up of large ore bodies this situation would of course be met by pro- 
viding connection with the railroad by spurs or aerial trams.. 

The present freight rates on the railroad are high. The rates on 
ore and concentrates from this district to the Tacoma smeltar in 1920 
ranged from $11.20 a ton on ore worth $25 a ton to $4T).90 on ore 
worth $500. The railroad company contends that as it is not mak- 
ing expenses it can not afford to lower the rates.*** On the other 
hand, prospective operators hold that under the present rates no 
minir^ is possible except that of very high grade ore. Consequently 
but little development work is now under way. It would appear to 
be the part of wisdom to lower the rates with a view of encouraging 
a development that would produce enough ore to make the railroad 
a profitable venture in the future. As it is, no ore is shipped except 
the high-grade product of the Kennecott Mines Co., which controls 
the railroad. It should also be noted that there has not yet been a 
sufficient assured quantity of coal disclosed in the Bering River field 
to justify the extension of a branch line into the coal field, also that 
the Katalla oil field is as yet only a small producer. Aside from the 
question of freight rates, mining costs in the interior will certainly 
for a long time to come be higher than on the coast. 

In view of these conditions an ore body of a given size and copper 
content which might if located on the coast be valuable if in the 
interior would at present be worthless. Nevertheless the situation 
of the Kotsina-Chitina copper deposits with reference to sources of 
fuel and to the ores of a different character on the Sound presents 
possibilities which should not be underestimated. 

Productive mining in the Kotsina-Chitina district began in 1911. 
Up to the end of 1919 about 1,360,000 tons of copper ore had been 
mined, from which about 417,700,000 pounds of copper had been 
recovered. In 1919 the district produced 195,631 tons of ore, carry- 
ing 36,291,390 pounds of copper and 408,726 ounces of silver. (See 
p. 68.) No gold has been recovered from the copper of this district. 

SUSITNA VALLEY REGION. 

Evidences of copper mineralization have long been known at many 
widely separated locaUties in the basin of Susitna River, which flows 
into the head of Cook Inlet. Until the project of opening this prov- 
ince by a Government railroad was definitely entered upon in 1915 
these deposits received but httle attention. During the last five 
years there has been a good deal of prospecting for copper in this 
field, but as yet the amount of undergroun,d work is small and 
nowhere has any considerable quantity of ore been blocked out. 
Many of the prospects are far from the completed part of the rail- 
road, and the cost of developing some of them has been prrfiibitive. 
As the railroad is pushed forward conditions improve, and the sit- 
uation is also being helped by the construction of wagon roads and 

i*» The Copper River & Northwestern Railroad reported an operating loss for the year 1919 of $177,895.79 
(Kennecott Copper Corp. Fifth Ann. Rept., 1919, p. 14, New York, 1920). 
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trails. Information about the geology and mineral resources of this 
region is to be found in the following Geological Survey publications: 

Martin, G. C, and Katz, F. J., Geology and coal fields of the lower Matanuska Valley, 
Alaska: Bull. 500, 1912. 

Cappe, S. R.; The Yentna district, Alaska: Bull. 634, 1913. 

Martin, G. C, and Mertie, J. b.. Mineral resources of the upper Matanuska and 
Nelchina valleys: Bull. 592, pp. 273-300, 1912. 

Cappe, S. R., The Willow Creek district, Alaska: Bull. 607, 1915. 

Moffit. F. H., The Broad-Pass region, Alaska: Bull. 608, 1915. 

Cappe, S. R., The Tumagain-Knik r^on: Bull. 642, pp. 147-194, 1916. 

Chapin, Theodore, The Nelchina-Susitna region, Alaska: Bull. 668, 1918. 

Cappe, S. R., Mineral resources of the upper Chulitna region: Bull. 692, pp. 177- 
18G, 1919. 

Capps, S. R., Mineral resources of the western Talkeetna Mountains: Bull. 692, 
pp. 187-205, 1919. 

Chapin, Theodore, Mining developments in the Matanuska coal field: Bull. 712, 
pp. 131-167, 1920. 

Chapin, Theodore, Lode development* in the Willow Creek district: Bull. 712, 
pp. 169-176, 1920. 

The best known of the copper deposits of this region were formed 
by replacement along shear zones that traverse mainly limestone 
and ancient volcanic rocks. A number of prospects have been found 
in the western part of the Talkeetna Mountains, notably in the drain- 
age basins of Talkeetna and Kashwitna rivers. The geology of this 
area is relatively simple; a series of andesitic lavas, with which some 
limestone is associated, are intruded by great stocks of granitic and 
dioritic rocks which form the main mass of the mountains. It ap- 
pears that the copper mineralization is genetically related to the 
intrusion, as is the auriferous lode of the Willow Cieek district, lying 
along the southern piargin of the same intrusive mass. This infer- 
ence is supported by the fact that some chalcopyrite-bearing aurif- 
erous lodes have been found in the Willow Creek district. 

The copper-bearing lodes of the Talkeetna region occur as replace- 
ment deposits along shear zones cutting the greenstones. Their 
metallic minerals include chalcopyrite, pyrite, bomite, and arseno- 
pyrito, and assays show that they carry gold and silver. The gangue 
is mostly quartz and some calcite. 

There has been but little underground work in this region, but the 
surface exposures indicate that these deposits are essentially of a 
disseminated type, though they include some rich shoots of sulphide 
ores, chiefly chalcopyrite. There are in this region extensive areas 
in which the geologic conditions above described prevail; hence there 
is good reason to believe that other copper deposits may be found. 

Evidence of some copper mineralization has also been reported to 

occur on the west side of the Susitna Valley, but these occurrences 

are not verified at this writing. In this region granitic and dioritic 

rocks invade sedimentary rock. Gold placers in this part of the 

province are direct evidence of mineralization, 
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In the upper Chulitna Valley, sometimes called the Broad Pass 
district, considerable work has been done on some ore bodies of 
rather complex composition. These are disseminated replacement 
deposits along fracture zones, and have been found chiefly in a lime- 
stone country rock but also in tuffs and cherts. The walls of these 
deposits are not everywhere well defined, and the ore bodies are 
rather irregular. They contain arsenopyrite, pyrite, sphalerite, 
ohalcopyrite, pyrrhotite, stibnite, and galena, and assays show the 
presence of gold. The gangue is country rock and includes much 
calcite and some quartz. So far as yet determined these occurrences 
are of a disseminated type and of rather low grade. They include, 
however, some rich ore shoots. 

It is evident from the above summary that as yet there is no assur- 
ance that valuable oopper-bearing lodes occxu* in the Susitna region. 
It is fair to infer, however, from the geologic information at hand that 
the region is not to be ignored as a possible source of copper. 

The close proximity of the high-grade coals of the Matanuska field 
(see pp. 47-48) favors the development of copper. The railroad will 
give an outlet to the coast at Anchorage certainly for at least half 
the year and to a good harbor at Seward throughout the year. (See 
PI. 11, in pocket.) After the railroad is completed there will stiU be 
need of spurs and branches to reach the known deposits of copper. 

The timber of the province is not of a high grade but will meet 
the immediate needs of the mining industry. There are no climatic 
obstacles to operations throughout the year. Little is known about 
the water-power resources, but no doubt some are available. On 
account of distance to the railroad, isolation, and scarcity of labor, 
the cost of preliminary developments will be high. Should a large 
mining industry be developed and a permanent population be at- 
tracted thereby, the cost of labor will be less. It is certain, however, 
that mining qpsts will always be greater in the Susitna basin than on 
the coast. 

ILIAHNA BEGION. 

Siamna Bay, on the west side of C!ook Inlet, is a fair harbor and 
usually open to navigation at all times, though in winter difficulties 
with, float ice are occasionally encountered.'® Work has been done 
on some copper prospects about 10 miles inland from Iliamna 
Bay,'^ on contact deposits occtuiing in the zone of metamorphism 
between limestones and dioritic intrusives. The metallic contents 
of the ores are chalcopyrite, pyrite, and magnetite, and the gangue 

*The oondUioDS aiTecting tnmsportation in this region are presented in Railway routes in Alaska: 
AJaslca Raliroad Comm. Rept., 62d Cong., 3d sess.. H. Doc. 1346, pp. 90-91, iavi06, 1913. 

^ Martin, O. C. and Katr, F. J., A reoomiaissanoe of the Uiamoa region: U. 8. Geol. Survey Bull. 485, 
pp. 113-120, 1912. 

7230*»— 21— Bull. 714 3 
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consists of lime silicates, calcite, and some quartz. Information at 
hand indicates that the ores are chiefly caloareous. These occmrrenceB 
are of the same general character as the contact deposits of the 
Ketchikan district (p. 15), but as yet no large ore bodies have 
been opened. The same region contains some auriferous quartz 
veins. Another occurrence of copper is reported about 30 miles 
southwest of those above described, near Elamishak Bay," appar- 
ently in a contact zone between volcanic and intrusive rocks. The 
copper occurs as chalcopyrite, and the ore is said to be of low grade. 
There are some large water powers in this general province, and 
some local timber. Present knowledge does not warrant any predic- 
tions as to the value of the copper deposits of the Iliamna region. 

NABESNA-WHITE RIVER REGION. 

The occurrence of copper has long been known in the headwater 
regions of White River, a tributary to the Yukon, and on Nabesna 
River, a tributary to the Tanana. This province can now be reached 
from die established routes of transportation only by long overland 
journeys. Its development as a copper province will be possible 
only by large expenditures for railroad construction.*' 

The copper occurs in formations which stretch from the inter- 
national boundary westward along the northern base of the Wrangell 
Mountains to Nabesna River, a distance of some 200 miles. Evidence 
of mineralization has been foimd at several places along this entire 
belt, but most of the important prospects are near its two ends.^ 

In the Nabesna region deposits of bomite and chalcopyrite, 
associated with garnet, calcite, epidote, hematite, and a little 
molybdenite, have been found. These minerals occur in irr^ular 
ore bodies that lie in the contact zone of limestone and diorite and 
carry some gold. In the basin of Chisana River, a tributary to the 
Tanana, some small chalcopyrite-bearing quartz veins cut ancient 
lava flows. In the White River basin native copper has been found 
as a primary mineral in the cavities of ancient amygdaloidal, basaltic 
lavas. This is the only region in Alaska in which primary native 
copper has been foxmd. It should be noted that native copper 
which is clearly secondary also occurs in this r^ion as slabs and 
niiggets in ancient lavas. These are of the same general type as 
those in the Chitina-Kuskulana district described above. 

This belt contains some promising ore bodies, and evidence of 
copper mineralization is widely distributed. Its deposit of native 

« Brooks, A. H., The Alaska mining industry in 1913: U. S. Geol. Sur\'ey Bull. 592, p. 64, 1914. 

2^ A (loscription of the various possible railroad routes into this region is contained in the report of the 
Alaska Raih-oad Commission (62d Cong., 3d sess.), H. Doc. 1346, pp. 44-53, 67-69, 70-71, 1913. 

^* Moffit, F. H., and Knopf, Adolph, Mineral resources of the Nabesna- White River district, Alaska: 
U. S. Geoi. Survey Bull. 417, 1916. Capps, S. R., The Chisana- White River district, Alaska: U. S. Geol. 
Survey Bull. 630, 1916. 
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copper especially gives promise of being valuable. Were the region , 
not so inaccessible it would long ago have been thoroughly prospected. 
As it is, the developments have been confined to only a few claims. 

MISOEIXANEOUS LOCALITIES. 

The districts above described axe those that give the most promise 
of having important potential copper resources. There are also 
scattered occurrences of copper mineralization which for the sake 
of completeness will here be briefly recorded. 

Some copper-bearing deposits have been found on the Alaska 
Peninsula, near Prospect and Balboa bays.** Thes6 deposits occur 
along shear zones in volcanic rocks and carry pyritci galena, sphal- 
erite, chalcopyrite, and quartz. There is no evidence at hand that 
any commercial ore bodies have been found. It has long been 
reported that copper has been f oimd on some of the Aleutian Islands, 
but nothing Ls known of its form of occurrence or of the locality of 
the alleged discovery. A little auriferous mineralization has 
occurred on Unalaska Island along the margin of an intrusive granite. 
It is worthy of note that native copper was long ago found on Midni 
Island, of the Commander group, off the east coast of Siberia. 
These islands lie in an extension of the axis of the Aleutian chain and 
presumably belong to the same geologic province. 

A little copper mineralization is reported by prospectors in the 
Alaska Range near the head of McLaren River, and they have brought 
back specimens of chalcocite. This fact would hardly be worthy of 
note except that the occurrence is reported to be in limestone near 
a greenstone contact, a position which suggests a similarity to some 
of the deposits of the Chitina-Kuskulana district. What is known 
of the geology of this region^ confirms the description furnished by 
the prospectors who made the discovery. A little copper has also 
been found in association with greenstones and diorites in the Paxon 
region, traversed by the Valdez-Fairbanks wagon road. This* 
general province is therefore a possible field for copper lodes. 

A copper-bearing quartz ^lode has been prospected in the Russian 
Moimtains, 12 miles from Kolmakoff, on Kuskokwim River.*^ It is 
composed chiefly of chalcopyrite and arsenopyrite and contains gold 
and silver. The newly discovered gold-bearing lodes of the Nixon 
Fork district, in the upper Kuskokwim Valley, carry a little copper. 

Copper-bearing deposits have been found on Seward Peninsula, 
and some of these have been developed in a small way, and a few 

* Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula : TJ. S. Geol. Survey 
Bull.4e7, pp. 139, 131, 1911. 

* MoffltfF. H., Headwater regions of Oulkana and Susitna rivers, Alaska: U. 8. Geol. Survey Bull.498y 
1912. 

" Maddren, A. G., Gold placers of the lower Kuskokwim: U. S. Geol. Survey Bull. 622, pp. 304-305,1916. 
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test shipments of ore have been made. The best known of these 
deposits occur as impregnated zones along or near limestone^chist 
contacts. The ore minerals are chalcopyrite and bomite, with con- 
siderable copper carbonate near the surface.*' 

Copper-bearing lodes have been foimd in several places in the 
Noatak-Kobuk region of northern Alaska.**' Considerable prospect- 
ing has been done on some of these lodes near Shungnak, in the 
middle Kobuk Valley. (See map, PI. II, in pocket.) These lodes 
occur in limestone along zones of brecciation. They cany bomite, 
chalcopyrite, galena, and pyrite, and assays show the presence of 
gold and silver. Were these deposits not so isolated they would 
imdoubtedly have attracted more attention. 

In 1919 11 copper mines were operated in Alaska, producing 
492,644 tons of ore, from which 47,220,771 poimds of copper was re- 
covered. (See p. 68.) Of this total 451,445 tons of ore was con- 
centrated by flotation at the mines, yielding 52,944 tons of concen- 
trates. Nearly aQ this ofe was treated at the Tacoma smelter. One 
small mine in the Ketchikan district shipped its ore to the Anyox 
smelter, m British Columbia. 

The reserve tonnage of the present Alaskan copper developments is 
small. On the other hand, the evidence of strong copper mineralization 
in several of the accessible mining districts of Alaska and the wide- 
spread distribution of copper ores give every assurance for the 
future. It can therefore be confidently predicted that Alaska's 
copper industry will grow when transportation is improved and 
general industrial conditions are revived. 

SILVER AND LEAD. 

Alaska 'has produced about 9,000,000 ounces of silver and 4,184 
tons of lead, practically all won incidentally to the mining of other 
metals. The silver has come from the gold placers and the gold and 
copper lodes. Its annual output has therefore fluctuated with the 
production of gold and copper. With an increased output of these 
metals more silver will be produced. Most of the lead has been ob- 
tained from the gold mines of the Juneau district. 

Silver-lead ores in the form of galena have a wide distribution in 
Alaska. Such ores are found in the Ketchikan district, in Seward 
Peninsula, in the Koyukuk region, in the Fairbanks district, in the 
Meiitasta Pass region (upper Tanana), and in the Kantishna, Ruby, 
and other districts. Little attention was paid to these ores until the 
recent great advance in the price of silver. Since then galena de- 

» Mcrtio, J. B., L(xio miuiug find prospecting on Seward Peninsula: V. S. Ocol. Survey Bull. 6C.2, pp. 
440-441, 191S. Smith, J'. S., Investigations of mineral deposits of Sew-ard I'eninsula: U. S. Geol. Sun-ey 
Bull. 345, ])p. 241-244, lUt*. 

» Smith, p. S., The Noatak-Kobuk region, Alaska: U. S. Geol. Survey Bull. 536, pp. 147-151, 1913. 
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posits have been sought for and prospected, especially those that 
cany a high percentage of silver. The most promising recent dis- 
covery is a lode in the Kantishna district. The evidence in hand 
does not indicate that any considerable bodies of galena ore have 
been found. With the improvement in mining conditions such ores 
will be developed, but there is as yet nothing to indicate that they 
form an important part of the potential mineral reserves of Alaska. 

TIN.« 

Alaska has proauced about 972 tons of metallic tin, which has 
nearly all come from the placers of the York district at the west end 
of Seward Peninsula. Tin deposits, both placers and lodes, were 
discovered by the United States Geological Survey in 1900 and 1902. 
Developments began in a small way on placer tin in 1902 and the 
first dredge was installed in 1911. Since then two or three dredges 
have been employed in tin mining. A number of discoveries of lode 
tin have been made in the York district. Practically no tin has 
been produced from lodes, but lode developments have been under- 
way since 1903. The only considerable imderground exploration has 
been at the Lost River mine, where a mill is now under construction. 

Some placer tin has also been produced incidentally to gold mining 
in the Hot Springs district of the Tanana Valley and in smaller 
amounts in other Yukon districts. Placer tin has also been found in 
the gravels of Yentna River, which is tributary to the Susitna. 

Though there has been some systematic search for tin in Alaska 
during the last two decades, promising deposits have been found 
only in the York and Hot Springs districts. No new deposits of 
placer tin have been discovered in the York district in recent years, 
and there is no certainty that this form of tin mining will be continued 
there when the deposits now being exploited are worked out. No 
tin placers which, imder present economic conditions, will warrant 
exploitation for their tin alone have yet been found in the Yukon 
districts.* When costs of operation are reduced placer-tin mining 
may be developed in the Hot Springs and other districts. The 
distribution of the alluvial tin in this district also justifies the 
hope that tin-bearing lodes may yet be discovered. Meanwhile, the 
best hope of the continuation of Alaska tin mining is based on the 
lode tin of the York district. The Lost River mine, in this district, 

« Knopf, Adolph, Geology of the Seward Peninsula tin deposits, Alaska: U. 8. Geol. Survey Bull. 358, 
1908. 

EaUn, H. H., A geologic reconnaissance of the Rampart quadrangle, Alaska: U. 8. Geol. Survey Bull. 
535, pp. 37-^, 1913; Tin mining in Alaska: U. 8. Geol. Survey Bull. 622, pp. Sl-94, 1915. 

Chapin, Theodore, Tin deposite of the Ruby district: U. 8. Geol. Survey Bull. 692, p. 337, 1919. 

Harrington, O. L., Tin mining In Seward Peninsula: U. 8. Geol. Survey Bull. 692, pp. 353-361, 1919. 

Steidtmann, Edward, and Cathcart, 8. H., The York tin deposits: U. 8 Geol. Survey Bull— (in prepa- 
ratioD). 
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is the only property sufficiently developed to justify the belief that 
it will soon become a producer, yet there are other deposits in the 
region which deserve prospecting. 

The above-stated facts do not show any large potential tin reserves 
in Alaska, but the rather wide distribution of the tin deposits gives 
hope of future discoveries. There is no evidence that the tin output 
will decrease in the near future, yet a large increase in production 
must depend on the development of deposits not yet discovered. 

PIiATlNUM. 

Small quantities of platinum and allied metals have been found at 
widely separated localities in Alaska. The only considerable deposit 
of these metals thus far developed is in the Ketchikan district, where 
the ores of the Salt Chuck copper mine (see p. 18) carry a sufficient 
percentage of palladium to be worked for that metal alone. 

Small quantities of platinum have been recovered incidentally to 
gold placer mining in several districts. 

LocaliHe$ where placer pUUinum and minerals of allied groups have been found. 



District. 


Creek. 


Notes. 




Cadie Creek 


Mir^ntA nnjintltiM. 




Poonpan Cnwt . , . 


Da 




Wilson Creek 


Do. 




Long Creek 


Da 




KaMitm^ Riv^^r 


Do. 


Kodtii^ TjdAfid b 


Canvas Pftint 


Da 




Slate Creek 






milergxilrrh , 


Da 


iTino^') district (Tnistoi) <* - 


Boob Creek 


Da 


Kovuk (soatheastera part of Seward 
raiiiisiilA).' 

Falrhaven (northeastern part of 


Dime Creek- , 


Da 


Bear Creek 


Da 


Sweepstake Creek 


Da 


jMwmr ITiislrnkwiTn f.,r-,-r ■, 


Aloric River 


Minute quantities. 
Da 


Marsha"/... 


liflwer Yukon River 






M-rV • 



a Mertie, J. B., Platinum-bearing gold placers of Eahiltna Valley: U. S. Qeol. Survey BulL 003, pp. 
233-283.1917. 
b Maddren, A. O., The beaoh plaoers of the west coast of Kodiak Island: Idem, p. 310. 
e Chapin, Theodore, Platinum-bearing auriferous gravels of Chistochina River: Idem. pp. 1^-141. 
d Harrington, O. L., The gold and platinum plaoers of the Tolstoi district: Idem, pp. 33{^1. 
e Harrington, G. L., The gold and platinum plaoers of the Kiwalik-Koyuk region: Idcon, pp. 36(M00. 
/Martin G. C., Mineral resources of Alaska, 1917: U. S. Geol. Survey Boll. 003, p. 7, 1910. 

The total output of platinum, palladium, and other metals of the 
platinimi group is about 915 ounces. Except at the Salt Chuck mine 
the recovery of these rare metals was only incidental to mining of 
placer gold. The record does not indicate that Alaska will become 
an important source of platinimi minerals unless new discoveries are 
made. 
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ANTIMONY. 

Antimony ore, in the form of stibnite, is one of the most widely 
distributed minerals in Alaska,^^ but most of the larger desposits are 
in the interior. The high price and ready market for antimony during 
the war led to the development of stibnite ores at several localities, 
especially in the Fairbanks and Nome districts. This temporary 
demand subsided at the end of the war and antimony mining ceased. 
A total of 2,492 tons of stibnite was produced bet\^een 1916 and 1918. 

The facts in hand indicate that there are large reserves of antimony 
ore in Alaska and that they are mostly in the less accessible parts of 
the Territory. Their future development \s dependent on market 
and on cost of transportation. 

TUNGSTEN. 

Tungsten-bearing lodes were developed at Fairbanks and Nome 
when the war needs led to an abnormal demand for this metal. Con- 
siderable tungsten ore ** was shipped from these properties between 
1916 and 1918, and some scheelite was also recovered from the con- 
centrates of gold dredges at Nome and Iditarod. With the break in 
the tungsten market after the war all these operations ceased. In 
all about 86^ tons of Alaska scheelite concentrates have been mined 
and marketed. 

Wolframite and scheelite occur in some of the tin ores of the York 
district, Seward Peninsula, but these deposits have been only slightly 
developed. Wolframite has also been foimd in association with some 
of the gold placers of the Yukon-Tanana region. In 1916 a little 
wolframite, won from the placers, was shipped from the Birch Creek 
district. A scheeUte-bearing vein has been found on Baranof Island 
near Sitka. 

These facts indicate that tungsten ores are rather widely distrib- 
uted in Alaska. Should a market arise for this ore on the west coast, 
some of the deposits would no doubt be developed. 

QUICKSILVER. 

Quicksilver deposits, in the form of cinnabar-bearing veins, have 
long been known on Kuskokwim River." Cinnabar is also not an 
imcommon accessory mineral of some of the gold placers, notably on 
Daniels Creek, in the Bluff region of Seward Peninsula, on some 
of the creeks of the Iditarod district, and on Candle Creek, in the 
Kuskokwim basin near McGrath. The only developed quicksilver 
mine in Alaska is the Parks property, on the north bank of the Kusko- 

" Brooks, A. H., Anttmony deposits of Alaska: U. S. Geol. Curvey Bull. 649, 1916. 

* Mertie, J. B., Lode mining in the Fairbanks district: U. S. Geol. Survey BuU. 662, pp. 41S-424, 1917, 
Lode mining and prospecting on Seward Pemnsula: Idem, pp. 436-437. 

M Smith, P. 8., and Maddren, A. G., Quicksilver deposits of the Kuskokwim region: U. S. Gool. Survey 
Boll. 022, pp. 274-280, 1915. 
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fcwim, about 330 miles from ite mouth. Here some cimiabar ore 
hee^ been retorted, and the quicksilver thus produced was sold to 
the, placer miners of Alaska. There has been some prospecting of 
other quicksilver deposits in this general region, but none of the 
properties have been sufficiently developed to give assurance of a 
definite output. 

There is reason to believe that the lower Kuskokwim will continue 
to be a producer of quicksilver, but no facts are &t hand which indi- 
cate that quicksilver mining will become a large industry in Alaska. 

CHROMITE. 

Considerable bodies of chromite ore have been found at the south- 
west end of Kenai Peninsula,^ and during the war the large demand 
for chromite led to the productive development of one of them, which 
lies directly on tidewater. The large tonnage of ore in sight and the 
accessibility of the deposit make it certain that this deposit will be 
mined when a market can be found for the product. What seems to 
be a large deposit of chromite has also been found at Red Mou^tain, 
which is about 7 miles from the one above described. Some chro- 
mite has been found in other parts of Alaska, but as yet no other com- 
mercial ore bodies are known. 

NICKEIi. 

A nickel-bearing copper deposit has been developed in a small way 
on the west side of Chichagof Island, about 70 miles north of Sitka. 
Some nickel has been found in other deposits of similar geologic 
character in this general region.^® These deposits are foim.d in 
association with norite or diorite, which has a rather wide distribu- 
tion in the district. Their geologic association is the same as that of 
the nickel ores of Sudbur}^, Canada. There is a possibility that 
commercially valuable nickel ores may be developed in this district. 

Another nickel-bearing copper lode occurs on Canyon CVeek, in the 
lower Copper River valley .^^ Traces of nickel have been found in 
gold ores sent to the Geological Survey from the McGrath district, in 
the Kuskokwim Valley. Some of the copper ores of the Ketchikan 
district contain traces of nickel (p. 15), and it is reported that the 
same is true of some of the copper ores of the Prince William Soimd 
region. It will be evident from the above statements that informa- 
tion about the nickel deposits of Alaska is not complete enough to 
justify an estimate of their future value. 

•^ (all, A. (\, rroliniinary report on the diromitc of Kenai J'eninsula: 1*. S. (Jeol. Sun-ey Bull. 712, pp. 
99-129, 1910; Chromilo of Kenai Penln^sula, Alaska: U. S. Gool. Survey Bull. — (in preparation). 

»• Overljcck, K. M., Cieolopy an<l mineral resources of the west coast of Chicha^rof Island: U. S. (leol. 
Survey Bull. 692, pp. l'2ri-lSi, 1919. 

" <)verl)eck, R. M., Nickel de^wsils in the lower Copper River valley: U. S. Ceol. Survey Bull. 712, pp. 
91-9S, 1919. 
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MOLYBDENITE, 

Molybdenite is not an uncommon accessory mineral in some of 
the Alaska gold and copper ores and has also been fomid at several 
localities in more concentrated form. The best-developed Alaska 
molybdenite lode is near Shakan, on Prince of Wales Island.'* A 
molybdenite lode has been found at Lemesier Island, in Icy Strait.'* 
Some development work is reported on a molybdenite-bearing lode 
on the railroad near Skagway.^® Molybdenite has also been found 
on Canyon Creek, a tributary to upper Chitina River and about 50 
miles from McCarty," and on Dry Delta River a tributary to the 
Tanana.'*' Except for that at Shakan, none of these deposits have 
been sufl&ciently developed to prove their commercial importance. 
There has been no molybdenite produced in Alaska. 

BISMUTH. 

A small bismuth-bearing vein has been foimd on Charley Creek, in 
the Nome district, but is imdeveloped.*' Bismuth has been found in 
gold prospects at two localities in the Tanana Valley — on Eva Creek,*^ 
a tributary to Totatlanika Creek, and on Melba Creek,** in the Fair- 
banks district — but little is known of the extent of these deposits. 
There has been no production of bismuth in Alaska. 

IRON. 

In the absence of any considerable iron industry on the Pacific 
coast there has been no incentive to search for iron ores in Alaska. 
The largest deposits known consist of magnetite associated with 
copper ores — the contact-metamorphic deposits of the Ketchikan 
district (p. 15). J. B. Mertie, who has made a rough estimate 
of the quantity available from these deposits, places the minimum 
reserve at 10,000,000 tons, with possibly an average copper content 
of 0.5 per cent. This estimate is based on an appraisal of the prob- 
able depth of the known deposits and on the asstimption that all 
the ore would be j^vailable for mining. There are no accurate data 
at hand on the mean iron content of these ores, nor is it known 
whether the phosphorus contents are everywhere below the Bessemer 
limit. Some analyses of the Mount Andrew magnetite ore made 
many years ago gave a phosphorus content of 0.02 per cent.** The 

• Chapin, Theodore, Mining developments in the Ketchikan district: U. 8. Geol. Survey Bull. 602, 
p. S9, 1919. 

>• Knopf, Adolph, The Sitka mining district, Alaska: U. 8. Oool. Survey Bull. 504, p. 17, 1912. 

« Brooks, A. H., The Alaska mining industry in 1916: U. 8. Geol. Survey Bull. 662, p. 25, 1918. 

« Brooks, A. H., The Alaska mining industry in 1915: U. 8. Geol. Survey Bull. 642, p. 54, 1916. 

« Martin, O. C, The Alaska mining industry in 1918: U. 8. Geol. Survey Bull. 712, pp. 23-24, 1920. 

« Mofflt, K H., Geology of the Nome and Grand Central quadrangles, Alaska: V. 8. Geol. Survey 
Bull. 533, p. 133, 1913. 

** Overbcck, R. M., Lcde deposits near the Nenana coal field: U. 8. Geol. Survey Bull. 662, pp. 35K362, 
1917. 

• Chapin, Theodore, Lode mining near Fairbanks: U. S. Geol. Survey Bull. 592, pp. 330-331, 1914. 
« Brooks, A. H., The Ketchikan mining district, Alaska: U. 8. Geol. Survey Prof. Paper 1, p. 102, 1902. 
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MOLYBDENITE. 

Molybdenite is not an uncommon accessory mineral in some of 
the Alaska gold and copper ores and has also been foimd at several 
localities in more concentrated form. The best-developed Alaska 
molybdenite lode is near Shakan, on Prince of Wales Island.^* A 
molybdenite lode has been found at Lemesier Island, in Icy Strail.^* 
Some development work is reported on a molybdenite-bearing lode 
on the railroad near Skagway.*" Molybdenite has also been foxmd 
on Canyon Creek, a tributary to upper Chitina River and about 50 
miles from McCarty,*^ and on Dry Delta River a tributary to the 
Tanana.^^ Except for that at Shakan, none of these deposits have 
been sufficiently developed to j)rove their commercial importance. 
There has been no molybdenite produced in Alaska. 

BISMUTH. 

A small bismuthrbearing vein has been found on Charley Creek, in 
the Nome district, but is undeveloped.*' Bismuth has been found in 
gold prospects at two localities in the Tanana Valley — on Eva Creek,** 
a tributary to Totatlanika Creek, and on Melba Creek,** in the Fair- 
banks district — but little is known of the extent of these deposits. 
There has been no production of bismuth in Alaska. 

IRON. 

In the absence of any considerable iron industry on the Pacific 
coast there has been no incentive to search for iron ores in Alaska. 
The largest deposits known consist of magnetite associated with 
copper ores — the contact-metamorphic deposits of the Ketchikan 
district (p. 15). J. B. Mertie, who has made a rough estimate 
of the quantity available from these deposits, places the minimum 
reserve at 10,000,000 tons, with possibly an average copper content 
of 0.5 per cent. This estimate is based on an appraisal of the prob- 
able depth of the known deposits and on the assiunption that all 
the ore would be available for mining. There are no accurate data 
at hand on the mean iron content of these ores, nor is it. known 
whether the phosphorus contents are everywhere below the Bessemer 
limit. Some analyses of the Moimt Andrew magnetite ore made 
many years ago gave a phosphorus content of 0.02 per cent.*' The 

» Cbapin, Theodore, Mining developments In the Ketchikan district: U. 8. Geol. Survey Buil. 692, 
p. 89, 1919. 

» Knopf, Adolph, The Sitka mining district, Alaska: U. 8. Geol. Survey Bull. 504, p. 17, 1912. 

« Brooks, A. H., The Alaska mining industry In 1916: U. 8. Geol. Survey Bull. 662, p. 25, 1918. 

« Brooks, A. H., The Alaska raining industry in 1915: U. 8. Geol. Survey Bull. 642, p. 54, 1916. 

« Martin, G. C, The Alaska mining industry in 1918: U. 8. Geol. Survey Bull. 712, pp. 23-24, 1920. 

<3 Molllt, K H., Geology of the Nome and Grand Central quadrangles, Alaska: U. S. Geol. Survey 
Bull. 533, p. 133, 1913. 

** Overbock, R. M., Lcde deposits near the Nenaoa coal field: U. 8. Geol. Survey Bull. 662, pp. 351-362, 
1917. 

« Chapin, Theodore, Lode mining near Fairbanks: U. 8. Geol. Survey Bull. 592, pp. 330-331, 1914. 

« Brooks, A. H., The Ketchikan mining district, Alaska: U. 8. Geol. Survey Prof. Paper 1, p. 102, 1902. 
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possibility that these ores contain titanium should also be con- 
sidered. On account of the presence of sulphides the sulphur content 
of the ores will be high. Similar deposits have been mined on 
Tuxedo Island, in British Colimibia, and these contain an average 
of 55 to 60 per cent of metallic iron/^ and the phosphorus content 
of piost of them is low enough to make them fall within the Bessemer 
limit, but the sulphur content is high. 

Deposits of iron ore of the s^rc^ated type occur near Haines, in 
southeastern Alaska, and have been developed in a small way, hut 
their commercial value remains to be established. According to 
Knopf,^ they consist of primary magnetite disseminated in a 
basic rock composed of pyroxene tod hornblende. The best speci- 
mens seen carried a maximum of s30 per cent of magnetite. A 
microscopic examination showed the presence of apatite, and the 
analysis of one sample showed 3.91 per cent of titanium oxide. 

A deposit of magnetite ore has been discovered on the north shore 
of Tuxedni Bay (Snug Harbor), an indentation of the west shore of 
Cook Inlet. The deposit has been described by prospectors to be of 
considerable magnitude and to occur near the contact of a granitic 
intrusive in volcanic rocks. The ore body has been staked but is 
undeveloped. 

Schrader** described a magnetite ore body which appears to be a 
vein in the Nabesna region. This vein is well defined and occurs at a 
contact between limestone and diabase. Grant and Higgins " report 
the occurrence of hematite and magnetite bearing veins in the Prince 
William Sound region. Some magnetite also occurs in the contact 
copper deposits of the Iliamna region (pp. 33-34). 

A little work has been done on some iron deposits on Seward 
Peninsula about 25 miles northwest of Nome. As exposed the iron- 
ore bodies consist principally of limonite veins and stockworks and 
their residual products," occurring in limestone. Other minerals 
found in the deposits are hematite, galena, pyrolusite, and small 
quantities of gold. An analysis of the samples from one deposit 
diowed 54 per cent of iron, no titanium, and 0.13 per cent of P3O5. 
The surface evidences indicated that the mineralizing agents had 
affected considerable areas. 

The above brief review indicates that Alaska contains a number of 
iron-ore deposits, of which the most promising are tliose of the 

*' Lindeman, Elmar, Iron-ore deposits of Vancouver and Texcdo islands, British Columbia: Canada 
Dept . Mines, Mines Branch, No. 47, Ottawa, 1910. 

*" Knopf, Adolph, The occurrence of iron ore near Haines: V. S. Ceol. Survey Bull. 442, ))p. 144-146, 1910. 
Eakin, H. M., The Porcupine gold-placer district: U. S. Geol. Survey Bull. 699, pp. 27-29, 1919. 

<• Mendenhall, W. C, and Schrader, F. C, Mineral resources of the Mount Wrangell district, Alaska: 
U. 8. Geol. Survey Prof. Paper 15, pp. 6^-66, 1903. 

»* Grant, U. S., and Higgins, D. F., Reconnaissance of the geology and mineral resources of Prince William 
Bound, Alaska: U. B. Geol. Survey Bull. 443, pp. 78-79, 1910. 

>> Eakin, H. M., Iron-ore deposits near Nome: U. S. Geol. Survey Bull. 622, pp. 361-365, 1915. 
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Ketchikan district. It would appear that the value of the Ketchikan 
deposits will depend on finding a commercial method of reoovering 
the low copper contents, as well as utilizing the iron. 

COAL. 
QBNSBAL OCCUB.BSKOB. 

Formations that are known to be locally coal bearing are widely 
distributed in Alaska and occupy an a^regate area of more than 
12,000 square miles. (See PL II, in pocket.) About 80 per cent of 
Alaska is unsurveyed, and some of the unexplored regions may con- 
tain coal. It is therefore not impossible that the total area of the 
coal-bearing formations may far exceed 12,000 square miles. Any 
additions that may be made to the known coal reserves as a result of 
future exploratioiffe will probably not greatly increase the immediately 
available stores of fuel, which alone are here under discussion. 
Most of the regions tributary to the existing lines of transportation or 
those under construction are sufficiently explored to indicate whether 
or not they contain coal. Outcrops of coal are not easily overlooked, 
either during hasty exploration or by the prospector, and, therefore, 
the coal-bearing areas already outlined in a rough way, though many 
have not been surveyed, probably include much the larger part of 
those that wiU be available for use in the immediate future. In any 
event, it is with reference to these known coal fields, and not to pos- 
sible discoveries in unsurveyed tracts, that the future of the coal- 
mining industry must here be discussed. The Alaska reserves in 
general may be said to include enormous quantities of lignite, con- 
siderable low-grade bituminous coal, much smaller quantities of 
high-grade bituminous coal, and some anthracite. The bituminous 
coals are the highest-grade coals found on the west coast of the 
American continent and are comparable in composition to the best 
Appalachian fuels. It is on these high-grade coals that the present 
development of the coal-mining industry in Alaska depends, for they 
are the only fuels suitable for export. 

FUBLICATIONS BELATINO TO ALASKA COAL FIELDS. 

Surveys and investigations of the Alaska coal fields were begun 
by the Geological Survey in 1902 and have been continued as funds 
were available up to the present time. Many geologists have taken 
part in this work, but nearly all the detailed surveys have been made 
by George C. Martin. The following is a list of the principal Survey 
and' other official publications relating to Alaska coal. Some of these 
reports deal specifically with individual coal fields; in others the 
reference to coal is only incidental to the discussions of mineral 
resources. 
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U. 8. GEOLOGICAL SURVEY. 

OEirXRAL.u 

-Martin, G. C, Markets for Alaska coal: Bull. 284, pp. 18-29, 1906. 
Brooks, A. H., Alaska coal and utilization: Bull. 442, pp. 47-100, 1911. 

XATANXTSKA COAL FIELD. 

Martin, G. C, and Katz, F. J., Geology and coal fields of the lower Matanuska 
Valley, Alaska: Bull. 500, 1912. 

Martin, G. C, and Mertie, J. B., Mineral resources of the upper Matanuska and 
Nelchina valleys: Bull. 592, pp. 273-300, 1914. 

Martin, G. C, Geologic problems at the Matanuska coal mines: Bull. 692, pp. 
269-282, 1919. 

Chapin, Theodore, Mining developments in the Matanuska coal field: Bull. 712, 
pp. 131-167, 1920. 

Chapin, Theodore, Mining develpoments in the Matanuska coal fields: Bidl 714, 
pp. 197-199, 1921. 

BERnfG RIVER COAL FIELD. * 

Martin, G. C, Geology and mineral resources of Controller Bay region, Alaska: 
Bull. 335, 1908. (This publication contains a detailed description of the Bering River 
coal field.) 

SOUTHEASTERir ALASKA. 

Wright, C. W., A reconnaissance of Admiralty Island: Bull. 287, pp. 151-154, 1906. 
Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaj^k^: 
Bull. 347, pp. 59-60, 1908. (Coal on Kupreanof Island.) 

YAKUTAT AlTD YAKATAGA. 

Tarr, R. S., and Butler. B. S., The Yakutat Bay region, Alaska: Prof. Paper 64, 

pp. 168-169, 1909. 

Maddren, A. G., Mineral deposits of the Yakatuga district: Hull. 592, pp. 147-148, 

1914. 

COOK INLET AND KENAI PENINSULA 

Atwood, W. W., Mineral resources of southwestern Alaska: lUill. ;J79, pp. 11()-121, 
1908. (Tyonek coal field.) 

Martin, G. C, Western part of Kenai Peninsula: Bull. 587, pp. 104-110, 1915. 
(Kachemak Bay coal field.) 

SOUTHWESTERN ALASKA. 

Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula: 

Bull. 467, 1911. (Ilerendeen Bay, Chignik, and Unga coal fields.) 

Martin, G. C,, Mineral deposits of Kodiak ami neighboring islands: Bull. 542, \). 

136, 1913. 

SUSITNA REGION. 

Brooks, A. H., The Mount McKinley region, Alaska: Prof. Paper 70, p. 188, 1911. 

Capps. S. R., The Yentna district, Alaska: Bull. 534, p. 72, 1913. 

Capps, S. R., Mineml resources of the upper Chulitna Valley: Bull. 692, pp. 231- 
232, 1919. 

Mertie, J. B., Platinum-l>earing gold placers of Kahiltna Valley: Bull. 692, pp. 
263-264, 1919. (Coal of Cache Crock. ) 

MoflfiT, F. 11., The Broiid Pass region, Alaska: TUill. 60S, ])p. 76-77, 1915. 

NENANA COAL FIELD. 

Capps, S. R., The Bonnifield region, Alaska: Bull. 501, 1912. 
Martin, G. C, The Ncnana coal field, Alaska: Bull. 664, 1919. 
Ca[)ps, S. R., The Kant ishna district, Alaska: Bull. 6S7, pp. 109-113, 1919. 

■'• Informal ion on i)r<)j;ross of Ahiska t'<xil mining and of cuil pnxUictiou and consumption aro contained 
7 r/io unnunl rc/mrts on t ho minora! resource.s of Alaska, publiv.hcd ai5 Bulletins 259, 284, 314, 345, 37y, 442, 
O, r>20, o^fj, W2, 022, (i42, VA\2, 092, 712, and 714. 
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0PPSK TTTKON BA8IH. 

Schrader, F. C, RecomuusBance on Ghandalar and Koyukuk rivere, Alaska, in 
1899: Twenty-first Ann. Rept., pt. 1, p. 485, 1900. (Coal at Tramway Bar, Koyukuk 

RiT«F.) 

Prindle, L. M., A geologic reconnaissance of the Circle quadrangle, Alaska: Bull. 
538, pp. 76-77, 1913. (Coal on Washington Creek.) 

Maddren, A. G., The Koyukuk-Chandalar region, Alaaka: Bull. 532, p. 56, 1913. 
(Coia on Dall River.) 

Oappe, 8. R., The Chiaana-White River district, Alaska: Bull. 630, pp. 125-126, 
1916. 

LOWEB. yuSOK AHB SEWARD PSHIH'STTXJL. 

Collier, A. J., Coal resources of the Yukon, Alaska: .Bull. 218, 1903. 

Smith, P. S., and Eakin, H. M., Geologic reconnaissance of southeastern Seward 
Peninsula and the Norton Bay-Nulato region, Alaska: Bull. 449, pp. 136-141, 1911. 

Harrington, G. L., The Anvik-Andreafski region, Alaska: Bull. 683, pp. 65-66, 1918. 

Harrington, G. L., Gold and platinum placers of the Kiwalik-Koyuk region: Bull. 
692, pp. 383-386, 399, 1917. 

Moffit, F. H., The Fairhaven gold placers, Seward Peninsula, Alaska: Bull. 247, 
pp. 25-26, 67, 1905. (Chicago Creek coal.) 

Henshaw, F. F., Mining in Fairhaven precinct: Bull. 379, pp. 363-363, 1909. 
(Chicago Creek coal mine.) 

Collier, A. J., and Hess, F. L., Gold placers of parts of the Seward Peninsula: 
Bull. 328, pp. 83-85, 908. (Coal of Sinuk River basin and St. Lawrence Island.) 

Cathcart, S. H., Mining in northwestern Alaska: Bull. 712*, p. 196, 1920. (Coal 
at Unalaklik, Norton Soimd.) 

KVBKOKWTM BA8ZV. 

Brooks, A. H., The Mount McKinley region, Alaska:' Prof. Paper 70, p. 188, 1908. 
(Coal on Big River, a southerly tributary of the upper Kuskokwim. j 

Maddren, A. G., Gold placers of the lower Kuskokwim: Bull. 622, p. 306, 1914. 
(Reported occurrence of coal on Eek and Kanektok rivers.) 

Mertie, J. B., and Harrington, G. L., Mineral resources of the Ruby-Kuskokwim 
region: Bull. 642, pp. 260-261, 1916. 

Smith, P. S., The Lake Clark-central Kijskokwim region, Alaska: Bull. 655, pp. 
154-156, 1917. (Coal near Iditarod.) 

VOBTHZBir AT.AggA 

Schrader, F. C, A reconnaissance in northern Alaska: Prof. Paper 20, pp. 106-114, 
1904. 

Collier, A. J., Geology and coal resources of the Cape Usbume region, Alaska: 
Bull. 278, 1906. 

Smith, P. S., The Noatak-Kobuk region, Alaska: Bull. 536, pp. 151-163, 1913. 

MISCELLANEOUS OFFICIAL PUBLICATIONS. 

Report on coal in Alaska for use in United States Navy: 63d Cong., 2d aess., H. Doc. 
876, 1914. (Contains results of naval test of Bering River coal.) 
Experimental tests of Matanuska coal for naval ships: 64th Cong., 1st sees., S. Doc. . 

26. 1915. 

Reports of Alaskan Engineering Conunission for the period from March 12, 1914, 
to December 31, 1915: 64th Cong., Ist seas., S. Doc. 610, pt. 2, p. 144, 1916. (Con- 
tains statements on cost of mining and transporting Matanuska and Bering River 
coal.) 

Regulations governing coal-land leases in the Territory of Alaska, approved May 

18. 1916, Dept. Interior, 1916. 
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Matanuska coal field, showing leasing units, Government reservation and topo- 
graphic township plata, Alaska, Dept. Interior, 1916. (Map^.) 

Bering River coal field, showing leasing units. Government reservation and topo- 
graphic township plats, Alaska, Dept. Interior, 1916. (Maps.) 

General information regarding lands offered for leasing in the Nenana coal field, 
Dept. Interior, 1918. 

AVAILABILITY OF THB BBPOSIT8. 

The value of a coal deposit depends primarily on quality, quantity, 
cost of mining, cost of transportation, and markets. It is evident 
that the last three factors will vary with changing industrial condi- 
tions. The quality of a coal is fixed, but its value may also vary 
with changing qonditions. A lignite that has no value for export 
may find a market with the development of metal mining or some 
other local industry. Measured by these considerations much of the 
Alaska coal has no present value, though it must be included in the 
ultimate coal reserves of the world. The coal without present im- 
portance <;omprises that which is inaccessible, that which is of too 
low grade to be exported and has no local market, and some of the 
high-grade coals in the accessible fields which are so folded and 
broken as to prohibit profitable exploitation imder present conditions 
of cost and market. 

The largest areas of inaccessible coals are those on the Arctic slope, 
where there are beUeved to be extensive coal fields. The coals are 
chiefly of low grade but include some excellent bituminous coals. 
Most of these coals are not now available, but some of them near 
Oape Lisburne might possibly be developed in a small way for use at 
Nome and in other parts of Seward Peninsula. On account of the 
shortness of the sliipping season, however, this would be a doubtful 
venture. With these unavailable reserves should also be included 
much of the widely distributed lignite of Alaska, which if mined can 
supply only small local markets. 

The enormous reserves of lignitic coal found in the Nenana and 
Cook Inlet fields, which are accessible, can not contribute much to 
the building up of a coal-mining industry, for under present methods 
of utilization they are not of ^ood enough quality to find an export 
market and may not even compete in the local markets with the 
liigher-grade Alaska coals. 

The third group of imavailable coals includes those portions of the 
high-grade fuels of the Bering River and Matanuska fields which are 
so folded and broken as to make profitable exploitation under the 
present conditions of the coal market impossible. Tliough the surface 
outcrops in both these fields have been examined in great detail, yet 
definite determination of the quantity of coal now available for 
mining can be made only by underground explorations. 

There are some fair bituminous coals at Chignik and Herendeen 
Bay, on Alaska Peninsula, which might find a small local market. 



THE FUTURE OF ALASKA MINING. 



47 



Alaska's annual coal consumption is now only about 165,000 tons, 
of which 60,000 tons is produced in the Territory. (See p. 74.) Even 
with a great expansion of territorial industries the local coal market 
will not be large enou^ to support more than a small coal-mining 
industry. Therefore the only hope of extensive mining is to furnish 
an export trade, and for this only the coals of the Bering River and 
Matanuska fields are of good enough quaUty. In both these. fields 
high-grade bitimiinous steaming and coking coals have been foimd, as 
well as some anthracite. The bituminous coal is the best on the 
Pacific border of North America, and as much of it as can be mined 
at anything near a reasonable cost will find a ready export market. 
The possibility of using this coal for trans-Pacific shipping by a coaling 
station located on the great circle sailing route in the Ale\itian 
Islands deserves consideration. 

The Alaska coal-bearing areas that are accessible or can be early 
made accessible are listed in the following table. In the first figure 
column are given the areas of land which are pretty definitely known 
to contain coal beds, though it remains to be determined by under- 
ground exploration what part of them can now be profitably exploited. 
This table also contains estimates of the areas of the formations that 
are locally coal bearing in each of the more or less accessible fields. 

Available coalfields of Alaska, 
High-grade bitaminoiui coal and anlhradite. 



Fidd or locaUty. 

• 


Area of 

probable 

coal lands 

(sauare 

miles). 


Area of 
fdnnatioDs 
locally coal 
beariog 
(sauare 
miles). 


Notes. 


Hatanrnki 


26 
46 

14 


(T) 


A part of this high-grade coal, suitable for ex- 
{ port, is too much folded and Dr6ken to permit 
1 profitable exploitation at present. 

Accessible less than 2 monilis in the year. 


Bering River...: .'....'..'..'.' 


C«pe LUburoe (Arctic coast). . . 




86 





ntttminous and subbitnmlnoas coals. 




IbUnuska 

AlMka Peninsula.... 

Jukon River 

^wwin (Arctic coast) 



Valuable for use in Alaska. 

Present local market very small. 

Local market very small. 

Accessible less than 2 months in the year. 



Lignite. 



Cook Inlet 

Susitns Basin 

NoDaoi^ 

^«J»ri Peninsula and Norton 
Bay. 



460 


5,000 


30 


1,000 


120 


600 


60 


170 


660 


6,770 



Includes an enormous tonnage of lignite, but 

of no present value for exp<vt. 
Coal found at many localities under gravel 

cover. Valuable for local use only. 
Includes an enormous tonnage of Ugnlte. 

Valuable for local use only. 
Available only for local jjse. 
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The above table shows that the accessible reserves of Alaska | 
lignite are ample for all demands that can now be foreseen. Also 
that the lignitic and low-grade bituminous coals are widely distributed 
and can be exploited for local yse at many localities. The quantity 
of lignitic coal that will be mined will be detennined by the local 
demand, which in the inmiediat^ futm'e will probably not exceed 
50,000 to 100,000 tons a year, and this quantity will probably be dis- 
tributed among several small mines. j 

The Nenana coal field will supply Fairbanks and other inland gold 
districts. Some lignitic coal will continue to be mined in the Cook 
Inlet region to supply local industries, but it may now find a strong 
competitor in the better coals from the Matanuska and Alaska Penin- 
sula fields. Small quantities of lignitic coal will also be mined for 
local use in the Stisitna basin, on Yukon River, in Seward Perinsula, 
and in the Norton Bay region. It is possible that the higher-grade 
coals of the Cape Lisbume region might be profitably mined for use 
on Seward Peninsula when gold placer mining revives on a large scale. 
The shortness of the shipping season, less than two months, has thus 
far discouraged such development and may prove an insurmoimtable 
obstacle. 

The only exportable coal in Alaska is that of the Matanuska and 
Bering River fields. In both these fields very high grade coals, both 
bituminous and anthracite, have been foimd. Unfortunately the 
quality of the coal seems to be more or less directly proportional to 
the amount of deformation that the coal beds have undergone — that 
is, the best coal occurs in the most highly folded and broken beds 
and is the most difficult to mine. 

One mine has been opened on a considerable scale near the west 
end of the Bering River field. This mine is at present difficult of 
access, but it could be connected with the Copper River Railroad by a 
branch line about 38 miles long. Such a branch would give connec- 
tion over very easy grades with a good harbor at Cordova. Some 
work has also been done at a coal mine in the eastern part of the 
Bering River field, where the coal is semianthracite. This mine is 
connected by a railroad, now partly out of repair, with tidewater on 
the lower reaches of Bering River. Some small test shipments of 
semianthracite have been made from this mine. 

The Alaskan Engineering Commission has opened two mines in 
the Matanuska field, both on the railroad. A little development 
work has also been done on some other properties in this field. ^ The 
largest of the two mines is at Eska, where the coal is a low-grade 
bituminous coal, and from this mine the Engineering Commission 
and the towns of Anchorage and Seward are supplied with fuel. 
These operations show that the Eska coal can be mined on a conMuer- 
cial scale. At the other mine, at Chickaloon, some coal of very high 
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grade has been produced, but the operations are still in a more or 
less experimental stage, because the irregularities in the coal beds 
make mining very expensive. 

In the opinion of the writer coal tracts that can be mined \mder 
present industrial conditions will be found in both the Matanuska 
and the Bering River fields. To select such tracts, however, will 
require more underground testing than has thus fas been done. 
There can be no question that high-grade coal will be produced in 
both fields, yet the localities where the most favorable imdergroimd 
conditions exist still remain to be determined. The present develop- 
ments give assurance that there is sufiicient tonnage for all local 
needs, but it is not yet definitely established that there are coal 
reserves from which a large toI^lage can be mined for export. The 
quality of the high-grade coals from these fields leaves little to be 
desired, though here, as in many other coal fields, washmg of the 
product will be necessary. 

There has been a Uttle mining of lignitic coal at various places in 
Alaska since 1888. It was not, however, until the high quahty of 
the Bering River and Matanuska coal was established by both public 
and private surveys and examinations, made between 1898 ana 1905, 
that these northern coal fields excited any special interest. An 
Alaska coal-land law was enacted in 1904, but it proved, as inter- 
preted, ineffective in encouraging mining development, nor did the 
supplementary legislation of 1908 serve to improve the situation.*" 
Meanwhile, all Alaska coal lands were withdrawn from entry by Ex- 
ecutive order dated November 12, 1906. Many coal claiiAs were 
staked previous to this withdrawal, but patent was refused to all 
except a few that were isolated and too small in area to permit eco- 
nomic exploitation. 

The Alaska coal situation was filrther embarrassed by the rapid 
increase in the petroleum output of California. As a result, the short- 
age of fuel on the Pacific seaboard that was threatening at the time of 
the first attempted development of Alaska bituminous coal was 
changed to an excess of production. The net result of these condi- 
tions was to prevent all coal-mining development in Alaska and to 
force Alaskan industries to draw on foreign sources for fuel.** Fur- 
thermore, the projects for private railroad construction to the coal 
fields were necessarily* abandoned. The logic of the situation forced 
the Government to enter the field of railroad construction and also 
to imdertake the imderground exploration of the coal fields at pubhc 
expense. 

» Brooks, A. H., Alaska ooal and its utilization: U. S. Geol. Survej BuU. 442, pp. 62-66, 1911. 
M AU Alaska oil lands were withdrawn in 1910. (See p. 53.) 

7230''— 21— Bull. 714 4 
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The long and bitter controversy regarding an Alaska ooal-land 
policy ended in 1914 with the enactment of a leasing law. As a con- 
sequence of the relative decrease in the market for coal, because of 
the large use of petroleum and the unsettled financial conditions 
brought about by the war, no great eagerness has been shown by capi- 
talists to enter upon the development of the Alaska coal fields. Fur- 
thermore, the httle underground work thus far done has more than 
confirmed the incomplete evidence obtained from siuface exposures 
as to the greatly folded and broken condition of the coal beds in both 
the important fields. Most American coal mining has been done on 
beds that are but little disturbed. Hence those engaged in the indus- 
try have had little experience in the exploitation of greatly disturbed 
coal beds such as those of Alaska, which are, however, comparable 
to some of those mined in France and Belgium. Many have also con- 
tended that the terms of the coal leases are not sufiSciently liberal, in 
view of the isolation and improspected condition of the Alaska field. 
As a result of these conditions only one considerable coal-mining 
operation under leasehold is under way, and this has not yet reached 
a productive stage. 

Between 1899 and 1919 Alaska mines produced a total of 243,677 
tons of coal, of which 190,000 tons is the output of the last three years 
and is chiefly from the Government mines. During the same two 
decades the Territory has consiuned a total of 2,411,947 tons of coal. 
Of this amount 1,276,600 tons has been imported from the Vancouver 
fields in British Columbia. (See p. 74.) 

The market for these high-grade bitmninous fuels is ample to 
absorb all the coal that can be produced for a niunber of years to 
come. The coal consumption of the Pacific Coast States and Alaska, 
exclusive of that used on railroads and steamers, is now about 
3,200,000 tons annually, of which 200,000 to 300,000 tons is imported 
from British Columbia. Railroads in the Pacific Coast States con- 
sume about 2,000,000 tons, practically all used in Washington. The 
bunker coal supplied to steamers at American Pacific ports amounted 
to 343,000 tons in 1915 and 474,000 tons in 1918.*^ This bunker 
trade is one for which the Alaska coals are especially well suited. 
Some of the Alaska coals are also well adapted for coking. About 
200,000 tons of coking coal is used in the Pacific Coast States. Of 
the Pacific coast coals only those from Alaska 'are of sufliciently high 
grade to be suitable for Navy use. An estimate of the needs of the 
Navy at 200,000 tons, of Alaska at 100,000 tons, and of coking coal 
at 200,000 tons would give a certain market for 500,000 tons. In 
addition to this the Alaska fuel should be a strong competitor in the 
bunker trade. Furthermore, the increased cost of petrolemn will 

fci JJroolcs, A. 11., U. S. (Jeol. Snrvey Bull. 662, pp. 25-30, 1917. 
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soon enlai*ge the maiket for coal on the Pacific seaboard. One 

adverse factor that should be considered is the competition of the 

high-grade Alaska coals with those from the East brought through 

the Panama Canal. Owing to the physical conditions tmder which 

the eastern bituminous coals occur th^y are cheaper to mine than 

those in Alaska, and another advantage lies in the more favorable 

industrial conditions. It is probably safe to assume^ however, that 

even under this competition Alaska coal should have a market for 

at least 1,000,000 tons. Whether any such production can be 

reached in the immediate future can be determined only by further 

prospecting. 

PEAT. »« 

Peat is found in nearly every part of Alaska except in the high 
ranges. The humidity of the Pacific coastal zone and the consequent 
luxuriant vegetation favor the accumulation of peat. Southeastern 
Alaska is heavily forested, and much of it has a dense growth of 
underbrush with a flooring of moss. In southwestern Alaska timber 
is entirely absent, but all the lowland and qiuch of the upland area 
are covered with moss, grass, and small shrubbery. The prevailing 
humidity in both these regions favors the accumulation of vegetable 
refuse. Though there has been no prospecting for peat in this part 
of the Territory, deposits at least 15 to 20 feet thick are known and 
are believed to be of good quality. 

Central and northern Alaska have a much smaller precipitation. 

Here, however, the soil is nearly everywhere mantled by a dense 

blanket of moss and other vegetation. This is especially striking 

in the extensive timberless areas of tundra which lie along Bering 

Sea and the Arctic Ocean. In these two provinces the subsoil is 

usually frozen, so ^at the waters are retained at the surface. The 

moss, except in excessively dry weather, is usually saturated with 

water. All these conditions, which promote vegetable growth and 

retard evaporation and oxidation, are favorable to the formation of 

peat. As a matter of fact, there is nearly everywhere a layer of 

peaty material imderneath the soil. In some natural exposures in 

these provinces peat deposits having a depth of 30 to 40 feet have 

been observed. Although the widespread surface layer of peat is 

of an inferior quality, some of the deeper-lying beds are probably 

of high grade. There are no data whatever at hand to estimate the 

available supply of peat, but as it is foimd in every part of Alaska and 

on the great tundras of the north, occupying at least a quarter of the 

Territory and comprising layers of greater or less thickness, the supply 

must be enormous and possibly exceeds that of the entire United 

States. 

* Brocdcs, A. H., Mineral roeourres of Alaska: U . 8. Geol. Sunrey Bull. 394, pp. 188-189, 1909. Davis, C. A., 
The possible use ot peat fuel in Alaska: U. S. Geol. Survey Bull. 37B, pp. 33-66, 1009; The preparation and 
B» of peat as fuel: U. S. Geol. Survey Bull. 442, pp. 101-133« 1010. 



52 MINERAL RESOURCES OF ALASKA, 191&. 

In the presence of more easily available fuel there has been no 
occasion to utilize any of the peat beds, so practically nothing is 
known of their fueWalue, extent, or thickness, except what has been 
stated. One of the few deposits of this mineral fuel in Alaska that 
has been exploited is a peat bed saturated with petroleum residue 
near Cold Bay, on the Alaska Peninsula, where some years ago the 
material was used for fuel at the neighboring oil wells. Here, how- 
ever, it is the petroleum residue rather than the peat which gives the 
deposit its chief value. 

The peat deposits have at present no value, for lignitic and better- 
grade coals are too widely distributed to encourage the use of a less 
available fuel. Moreover, the time appears very remote when these 
peat deposits will be utilized, except at localities where coal is absent. 
Certainly recourse to the peat will take place only when the more 
valuable mineral fuels are not obtainable. 

PETROUBUM. 

As all the available data relating to the occurrences of oil in Alaska 
have been recently compiled and discussed by Martin," the petroleum 
resources need only brief mention here. Petroleimi seepages are 
known in five widely separated districts in Alaska and have been 
reported from a number of others. As drilling has been confined to 
one field, there are no data upon which to estimate petroleum reserves 
or possible output. The quality of Alaska petroleum leaves little to 
be desired. It is a high-grade refining oil similar in composition to 
that from Pennsylvania. 

Oil seepages (see map, PI. 11, in pocket) are known at Katalla, 
near Controller Bay, 60 miles east of Cordova, and at Yakataga, 60 
miles east of Katalla; near Iniskin Bay, on the west shore of Cook 
Inlet; and on the Alaska Peninsula, notably near Cold Bay. There 
is also a seepage near Douglas River, near the southwest shore of 
Cook Inlet, at the base of the Alaska Peninsula. More or less defi- 
nite reports have been received as to the presence of seepages at 
other places in the Alaska Peninsula. If these reports are confirmed, 
they indicate a possible wide distribution of seepages in the Alaska 
Peninsula and consequently a rather large area m which wildcat 
drilling might be justified. The structure of the Katalla field is very 
complex, but the incomplete information at hand indicates that the 
folding is simpler at Yakataga, on Cook Inlet, and on the Alaska 
Peninsula. There has, however, been no detailed geologic mapping 
in the latter fields. All these districts are fairly accessible to ports 
on the Pacific, open to navigation throughout the year. 

There are also indications of the presence of petroleum in the ex- 
treme northern part of Alaska, near Smith Bay, about 100 miles 

•' Martin, Q. C, ProUminary report on the oil resources of Alaska: U. 8. Geol. Borvey Ball. n(Kin pros). 
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southeast of Point Barrow. This area is entirely unknown geolog- 
ically. To judge by the results of Schrader's exploration of the Col- 
ville River Basin," 100 miles to the east, the structure is likely to be 
favorable for the presence of oil pools. The region is so inaccessible 
that capital is not likely to undertake its prospecting except under 
very liberal terms, both as regards size of leaseholds and royalties. 

Martin has also listed a number of other isolated localities in Alaska 
where oil or- gas seepages are known or reported and has presented 
the geologic evidence bearing on the possible presence of oil pools. 
His conclusions are largely adverse. The localities where oil or gas 
are reported include as widely separated localities as Admiralty 
Island and Cape Spencer, in southeastern Alaska; Seward, on Kenai 
Peninsula; Tyonek, on Cook Inlet; Nushagak, on Bristol Bay; and 
Healy Creek, in the Tanana Valley. 

Alaska petroleum first attracted attention about 1898, when the 
Klondike excitement carried so many people North. Between 1901 
and 1904 there was some drilling in the Iniskin and Cold Bay 
districts, and rather extensive operations were undertaken in the 
more accessible KataUa field. By 1906 most of the excitement had 
died down, owing largely to the rapid development of the California 
oil fields, which drew the speculative oil operators out of Alaska. 
In 1910 all the oil lands of Alaska were withdrawn from entry, so that 
no one could get title to any claims. Only in the KataUa field was 
any work continued, and there chiefly on one claim to which title 
had been earned previous to the withdrawal. It was the withdrawal 
of the oil lands that has checked nearly all prospecting during a 
decade and not any lack of promise in the Alaska fields. 

The enactment of the oil leasing law in 1920, combined with the 
worldwide search for petroleum, has again attracted public atten- 
tion to Alaska oil. Many claims have been staked, and preparations 
are being made to start drilling at several places in 1921. There is 
good reason to believe that productive oil fields will be developed, 
though there are no facts at hand to prove that startling discoveries 
will be made. It is certain, however, in view of the present relative 
scarcity of high-grade refining oil, that drilling is fully justified at a 
number of localities in Alaska. It is believed that petroleum is one 
of the resources that will help swell the value of the total mineral 
production of the Territory. In fact, it is the development of this re- 
source which promises most for the reUef of the present stagnation 
m Alaska mining. The search for oil will stimulate migration north- 
ward and will lead to the improvement of conditions of transporta- 
tion, especially to some of the more isolated districts. Should drill- 
ing reveal commercial pools of petroleum a very early revival of 
the Alaska mining industry as a whole can be confidently predicted. 

•• Schiader, F. C, A reconnaissance in northern Alaska: U. 8. Geol. Survey Prof. Paper 20, 1904. 
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STRUCTURAIi MATERIAIi, ETC. 

Nearly $2,000,000 worth of marble has been produced in Alaska 
since quarrying began in 1904, but all of this has come from the 
Ketchikan district of southeastern Alaska. Marble is vddely dis- 
tributed in southeastern Alaska,^ and there are many xmdeveloped 
deposits that apparently carry conamercial stone. The broken shore 
line, with its many harbors, and the water powers favor the marble 
industry in this field. It is to be .expected that with the increased 
demand for marble in the States of the west coast the Alaska output 
will be greater. 

Granite and granitio rocks, in part suitable for building stone, are 
also widely distributed ^n southeastern Alaska, but are undeveloped. 

Gypsum has been mined for many years at lyoukeen Cove, Chi- 
chagof Island, in the Sitka district.^ Though no other gypsum de- 
posits have been foimd there is no reason to believe that the geologic 
conditions by which the gypsimi deposit was formed may not have 
been duplicated in other localities. 

A promising deposit of barite was discovered by E. F. Burchard 
on Castle Island in Duncan Canal, near Wrangell, in 1913." A 
rough estimate indicates that a.bout 50,000 tons of barite is in sight 
above the level of tidewater. This deposit is not yet developed. 
A barite deposit at Lime Point, on the west side of Prince of Wales 
Island, near Sulzer, in the Ketchikan district, has been opened for a 
distance of 100 feet and is about 30 feet wide.^ Some shipments 
of barite were made from this deposit in 1915 and 1916. 

Clay is foimd in many parts of Alaska, but little is known of its 
quality. Some clay has been used for brickmaking at Anchorage. 
Limestones of varied composition are widely distributed in Alaska, 
notably in southeastern Alaska, in the Copper and Susitna River 
basins, in the Yukon Valley, and on Seward Peninsiila. Lime for 
many purposes could be produced, should there be a local demand. 

There are some deposits of pumice in the Alaska PeninsuTa and 
adjacent islands, the ejecta of Mount Katmai. The largest accessible 
deposits known are on the shores of Amalik Bay, on the east side of 
the peninsula, and these are 20 feet or more in thickness. Finer 
pumice or tuff is \\ddely distributed over the north end of Kodiak 
Island, and a few shipments of this material for use as an abrasive 
have been made from this region. Graphite in considerable quan- 
tities has been found in the Kiwalik Mountains, 40 miles north of 
Nome but more accessible to the sea from Imuruk Basin, which is 
connected by tidal estuary with Port Clarence. The graphite in 

^ . _ -I , M- , - - , , , ^—^—^^ 

M Burchard, E. F., Marble rosources of southeastern Alaska: U. S. Oeol. Survey Boll. 682, 1020. 
"Brooks, A. H., U. S. Oeol. Survey Bull. 542, pp. 50-51, 1913. 

» Burchard, E. F., A barite deposit near WrangcU: U. 8. Geol. Survey Bull. 502, pp. 100-117, 1914. 
« ChapUi, Theodore, Mining developments of southeastern Alaska: U. S. Oeol. Survey BulL 642, p. 101» 
1916. 
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this district occurs as lenses in quartz-bio tite schists, which are 
themselves graphitic.^ These deposits are of sufficient size to justify 
the hope that they can be profitably exploited, provided they can 
meet the competition with that from more accessible regions. 

Stdphur deposits have been found in association with some of the 
volcanic rocks in southwestern Alaska." A commercral deposit of 
sulphur is being opened on Akun Island, near the east end of the 
Aleutian chain. The reduction plant was to be installed in 1920, 
and the mine was then to be placed on a productive basis. 

A little potash has been found in some of the shallow lakes on the 
flats of Yukon and Porcupine rivers, near Fort Yukon. Little is 
known about this occurrence, and there is no evidence that the 
quantity is sufficient to justify development, even for local use. 

A few garnets have been mined near Wrangell, in southeastern 
Alaska, where, according to E. F. Burchard,*' they occur in a mica 
schist. These garnets are not suitable for gems but may have value 
as abrasives. 

Jade implements and ornaments have long been in wide circula* 
tion among the Alaska Eskimo. For many years it was believed 
that thi& jade all came from Asia, but it is now known that it came 
in part from the so-called Jade Mountains of the Kobuk River 
region.** Some of the so-called jade from this source has proved to 
be se^entine, some green quartzite, and some is nephrite, which 
commercially is classed as jade. Attempts to exploit these deposits 
have thus far been unsuccessful. 

WATER. 

Though water is to be counted among mineral resources its* value 
to the mining industry is chiefly indirect by affording a source of 
power, and the largest use of water under hydrostatic head has been 
in placer mining. The richest of the Alaska placers lie in the interior 
and on Seward Peninsula, where water for mining is not abundant.*^ 
This scarcity is due to the small precipitation and the character of 
the topography, which gives low stream gradients. Hydraulic mining 
has therefore played no great part in the production of gold in Alaska. 
The chief operations have been in the Nizina district, of the Copper 
River basin. There are other localities in the Pacific slope region 
of Alaska where hydraulic mining will be undertaken. 

" Harrijigton, O. L., Graphite mining in Seward Peninsula: U. 8. Oeol. Survey Bull. 692, pp.363-367, 
1919. 

**lladdran, A. Q., Sulphur on Unalaska and Akun islands and near Stepovak Day: U. 8. Oeol. Survey 
BuU. 092, pp. 283-298» 1919. 

* Brooks, A. H., The mining industry in 1912: U. S. Oeol. Survey Bull. 542, p. 51, 1913. 

"Smith, P. 8., The Noatak-Kobuk region, Alaska: U. S. Geol. Survey Bull. 536, pp. 154-155, 1913. 

" Henshaw, F. F., and Parker, Q. L., Surface water supply of Seward Peninsula, Alaska: U. S. Oeol. 
Survey Water-Supply Paper 314, 1913. Ellsworth, C. E., and Davenport, R. W., Surface water supply 
of the Yukon-Tanana region, Ahiska: U. 8. OeoL Survey Water-Supply Paper 342, 1915. 
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The largest water-power developments are in southeastern Alaska, 
including notably those for the mines of the Juneau district. Smaller 
projects for other industries have also been installed at several 
places along the Pacific seaboard. Other large undeveloped water 
powers occur in the panhandle of Alaska and in time will be utilized 
for wood-pulp and other industries. 

There are but few power developments in the Copper River, 
Prince William Sounds and Cook Inlet and Susitna basins. Little is 
known about the water powers of this province, but a reconnaissance ^ 
made some years ago shows that they are worthy of further investiga- 
tion. There are also some water powers in the Iliamna Lake region, 
in the Alaska Range, and in other parts of the Territory about which 
little is known. 

Mineral and hot springs are widely distributed in Alaska.®* Some 
years ago an attempt was made to develop a mineral spring in south- 
eastern Alaska, and bottled water from it was put on the market but 
met with failure. It is not known whether the water in any of the 
Alaska mineral springs is of a sufficiently distinctive composition to 
justify its development as a potable water. The hot springs have, 
however, played a somewhat important part in the hygienic life of 

the people. 

SUMMARY AND CONCLUSIONS- 

• 

It has been shown that the value of Alaska's gold placer reserves is 
greater than that of the placer gold that has been produced during 40 
years of mining; also that the future of the gold-mining industry 
depends as much on the improvement of the general industrial con- 
ditions as on the construction of railroads and wagon roads and im- 
provements in steamship service. Lode gold mining in Alaska is at 
present on the wane, because the largest am^iferous lode mines, those 
in the Juneau district, have been working on so low a margin of profit 
that they can not all hope to continue under present industrial con- 
ditions. On the other hand, auriferous lodes are known to be widely 
distributed in Alaska and it is certain that they will be developed 
when moans of communication are bettered and industrial conditions 
improve. 

Alaska's coppor production of the past has been based chiefly on 
the output of a few mines operating on very rich ores. Smaller mines 
on the coast have been hampered by lack of shipping and smelter 
capacity. Coppor ore is widely distributed in the Territory. Tlie 
mining of coppor vrill continue to increase if transportation rates are 
lowered, and the Territory will long be an important source of copper. 

Silver-lead ores are widely distributed, but no largo deposits have 
been found. Tin deposits have been found in several localities, but 

"Ellsworth, r m,, and Davenport, U. W..A wator-powcr reconnaissance in Pouth-oontral Alaska: 
U. S. (lool. Survey Wutcr-Supply Paper 372, 1915. 
» Waring, G. A., Mineral springs of Alaska: I'. ^^. Ceol. Survey AVatcr-Supply Paper 418, 1917. 
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the outlook for any large increase of the tm output on the basis of the 
deposits now known is not hopeful. Only one deposit of the metals 
of the platinum group has been f oimd that gives promise of making 
any considerable output. Quicksilver, in the form of cinnabar, has 
been developed in only one district and that only on a small scale. 
Nickel-bearing ores have been foimd at three localities, but the evi- 
dence in hand does not justify an opinion on the future of the nickel- 
mining industry. The known deposits of chromite, tungsten, anti- 
mony, and molybdenite seem to justify the hope of an output of these 
metals, provided there is a market for them. little is known of 
Alaska iron ores, but there is reason to believe -that some of the 
deposits of this metal will be utilized when an iron and steel making 
industry develops on the Pacific coast. 

The deposits of lignitic coal in Alaska are much more than sufficient 
to supply all future local needs. Alaska also contains the best high- 
grade bituminous coal on the Pacific seaboard. It seems probable 
that an export trade in these fuels will be developed, though the cost 
of mining will be high on account of their mode of occurrence. The 
evidence of petrolaum in Alaska justifies the opinion that an oil- 
producing industry will be developed. 

Alaska also contains a great variety of other mineral deposits, 
many of which have been more or less developed. Although the 
output from such deposits will probably be small compared with that 
of the gold, copper, coal, and petrolemn, yet it will help to swell the 
total value of Alaska's mineral products. 

The foregoing summary indicates that the Alaska mining industry 
has a most promising putlook and that the mineral output of the 
past is but a small fraction of that which will be produced in the 
future. It is not to be denied, however, that the immediate prospect 
for a large expansion of Alaska mining is not so hopeful. Alaska's 
great gold reserves must to a large degree lie dormant until the 
changes in economic conditions give better assurance than now 
exists of profitable ventures. Nor will the present price of copper 
encourage an expansion of the copper-mining industry. 

Coal mining has only begun, and much underground exploration 
must be done before a large expansion is assured. The testing .of 
the oil fields awaits the driller but will probably be undertaken at 
once. 

Aside from the improvement in general and worldwide economic 
conditions, what the Alaska mining industry most needs is a lower- 
ing of costs of transportation, including not only reduction of the 
rates on existing lines but the expansion of land and water routes, 
including the construction of roads and trails. 
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By Alfbed H. Brooks and Geoboe C. Mabtin. 



OEKERAIi STATEMENT. 

Grold and copper mining have always been the prmcipal mineral 
mdustries of Alaska, and in 1919 both were subject to great depres- 
sion throughout the world. Hence the value of Alaska's mineral 
output decreased from $28,253,961 in 1918 to $19,620,913 m 1919, 
when it was the lowest for any one year since 1914. Stimulated 
by the high price of copper during the war, Alaska made an enor- 
mous output of copper, which was chiefly the product of three large 
mines. With the fall in the price of copper (see fig. 1) the Alaska 
copper industry reverted to more normal pre-war conditions. Mean- 
while the world-wide depression in gold mining consequent upon 
high operating costs brought on by the war has seriously crippled 
gold mining in Alaska. As a consequence of the increase in costs 
the value of the annual output of gold from Alaska declined from 
$16,700,000 in 1916 to $9,426,000 in 1919. The Alaska gold-mining 
mdustry is particularly sensitive to present conditions because many 
of the enterprises were not on a very soimd economic basis. Gold 
production has been kept up for many years by the exploitation of 
bonanza placers rather than by the systematic development of 
large deposits of lower grade. The mining of placer gold has been 
carried on as a gamble rather than as a business venture. As the 
purchasing power of their product was reduced many gold-mining 
operators have been attracted to other fields, such as oil drilling .in 
the States, in which the chances of large speculative profits were 
greater than in placer mining. It is especially unfortunate that all 
but one of the large quartz gold-mining ventures in Alaska are the 
lode mines near Juneau, where the margin of profit is so small that 
the increased cost of operation due to the war has imperiled the 
success of the undertakings. 

The outlook for gold mining in Alaska under present economic 
conditions is not hopeful, yet the continued success of certain larger 
operations, like dredging, shows that it is by no means hopeless, and 
such operations and the mining of bonanza deposits will no doubt 
be continued. Alaska still contains large reserves of gold-bearing 
gravels (see pp. 9-11) that can be mined profitably when trans- 
portation and industrial conditions are improved. No one can fore- 
tell whether any more bonanza camps will be found, and therefore 
the only certain future success lies in the development of deposits of 

lower grade. 
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The large demand for tungsten^ antimony, and chromite during 
the war greatly stimulated the search for and mining of ores carry- 
ing these metals. Valuable deposits of these ores were foimd and 
mined, and mining of them will in time be renewed, though it is not 
justified by the present demand because of the high cost of opeilation 
and transportation. 

Alaska has not yet recovered from the interdict placed on the de- 
velopment of mineral fuels by the withdrawal from entry of the coal 
lands in 1906 and of the oil lands in 1910. The leasing law of 1913 
opened up the coal fields, but some of its provisions appear to be not 
liberal enough to encourage large developments. In 1920 an oil- 
land leasing act was passed, and this will no doubt lead to develop- 
ment and eventually to oil production. 

The greatest need of the Alaska mining industry is cheaper and 
better land and water transportation. This need caUs for the com- 
pletion of the railroad, the building of wagon roads, and the lower- 
ing of ocean and river freight and passenger rates. Yet, except for 
the work done on the railroad and on the construction of 
wagon roads and trails, practically no advance was made in 
1919, and, indeed, the transportation conditions have been the 
worst in many years. Ocean freight and passenger rates have been 
increased and the service has been decreased. The Yukon River 
steamer service in 1919 was very inadequate. The most important 
event of the year for the future of mining in the Territory was the 
continuation of the work on the Government railroad and the as- 
surance by congressional action of the money needed to complete 
the line. It is now certain that in three years there will be a stand- 
ard-gage railway connecting tidewater on the Pacific with Fairbanks 
and navigal)le waters on the Yukon. To give its full benefit to the 
mining industry, however, the Alaska Railroad must be connected 
with mining conters by good wagon roads. 
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Regular mining in Alaska may be said to have begun in 1880, when 
the Juneau gold placers were first exploited. It is estimated 'that 
since that time Alaska has produced mineral wealth to the value of 
more than $438,000,000. 

Valut of total minend prodnction of Alasta, 18S0-3919, 
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DISCOVERIES AND NEW DEVELOPMENTS. 

The most notable mining advances during the year were those made 
near McGrath, in the Georgetown district of the middle Kuskokwim 
region. Here a gold dredge, installed in 1918, was operated during 
the entire season, but more significant was the discovery of numerous 
gold-bearing ledgra which give promise of being of commercial im- 
portance. The discovery of a valuable silver-bearing galena lode in 
the Kantishna district drew many prospectors to this little-known 
part of Alaska. Still greater excitement was caused by the develop- 
ment of rich deposits of gold and silver in the Canadian part of the 
Portland Canal district. (See pp. 129-142.) Some of these deposits 
are readily accessible only through Alaska. The town of Hyder, on 
Portland Canal, was established on the Alaska side of the boundary 
to serve this district, and from Hyder a road has been built to the 
Canadian mines. Prospecting has been done in the Alaska part of 
the Portland Canal district, but so far as known no ore bodies of 
proved commercial value have been developed. 

Many oil claims are now being staked under the oil-leasing law of 
1920. Coal was mined in 1919 in the Matanuska field for the use of 
the Alaskan Engineering Commission and for the town of Anchorage. 
Syatematic prospecting of a group of claims held under lease in the 
Bering River coal field was underway in 1919. The railroad con- 
nection of the Nenana Ugnite field with the town of Fairbanks, estab- 
lished in 1919 '(except for a bridge at Tanana River), has stimulated 
systematic prospecting. 
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GOIJ> AND SIIiTER. 
TOTAIi FBOBUOnOH. 

Hie following table gives an eBtimate of the total prodnoiaon of 
gold and silver Blnce the b^inning of tnining in 1880. For the earlier 
years the figures, especially those for ailver, are probably far from 
correct, but they are based on the best information now available. 

Oold and wilvfr produced in AUaha, 1880-1919. 
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The subjoined table gives an estimate, based on the best avail- 
able data, of the gold and sUver produced in Alaska from differeat 
sources since mining began in 1880. About S65,100,000 worth of 
gold, or about one-fifth of the total estimated output, was produced 
before 1905, and there ia but scant information about its source. For 
the period since that time fairly complete statistical returns are 
available, and it is probable that the figures presented in the follow- 
ing table are sufficiently accurate to be valuable. The figures given 
for the silver recovered from placer gold and from siliceous ores 
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arc probably less accurate than those {or the gold. Copper mining 
did not begin in Alaska until 1901, and the figures for gold and sil- 
ver derived from this industry, as now presented, are therefore a 
close approximation to the actual output. 

Gold and tUver produced in Alaska from different sourceSf 1880-1919. 



Siliceous ores > 
Copper ores... 
Plaoen 



aoid. 



QoAntity 

(flne 
ounces). 



4,446,528 

83,886 

10,546,379 



15,076,793 



Value. 



$91,917,907 

1,734,094 

218,012,992 



311,664,993 



Silver. 



Qu&ntity 

(Ano 
ounces). 

1 



1,428,680 
6,816,886 
1,774,560 



9,019,016 



Value. 



81,063,130 
4,213,418 
1,036,980 



6,303,528 



a Including small amounts of lead ore. 

The above table shows that about 29.5 per cent of the total gold 
produced in Alaska has been obtained from siliceous ores mined 
from auriferous lodes. In 1919 the lode-gold production was 46.6 
per cent; in 1918, 36.6 per cent; in 1917, 31 per cent; in 1916, 38 
per cent; in 1915, 37 per cent; in 1914, 32 per cent; in 1913, 31.6 
per cent; and in 1912, 29 per cent. In the following table the pro- 
duction of precious metals in 1919 has been distributed as to sources: 

Oold cmd silver produced in AUuhij 1919 ^ by wuroes. 





Ore (tons). 


Oold. 


silver. 


Source. 


Quantity 

(flne 
ounces). 


Value. 


Quantity 

(fine 
ounces). 


Value. 


Siliceous ores 


3,262,573 
492,644 


212,474 

3,086 

240,424 


$4,392,237 

63,795 

4,970,000 


106,601 

488,034 

32,983 


$121,734 


Copper ores 


646,506 


PLaccr 


36,941 










3,755,217 


455,984 


9,426,032 


629,708 


705,273 



LODE MIKING. 

Twenty-tlu'ee gold-lode mines and two prospects were operated in 
Alaska in 1919 and produced gold worth about $4,392,237. Twenty- 
five mines were operated in 1918 and produced gold worth $3,473,317. 
The increase in 1919 came from the four large mines in the Juneau 
and Sitka districts. The increased production at Juneau does not 
assure the continued prosperity of the lode-mining industry, for 
these mines are working on too small a margin between the value of 
gold recovered and the cost of operation to make it certain that they 
will be able to pay the continually increasing expense of mining. 
The only other largo gold-lode mine in Alaska is in the Sitka district, 
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where operations in 1919 were on a somewhat larger scale than in 
1918. 

Of the producing mines, seven were in southeastern Alaska, one 
in the Copper Kiver district^ three on Kenai Peninsula, five in the 
Willow Creek district, six in the Fairbanks district, and one on 
Seward Peninsula. In* 1919 the average value of the gold and 
silver contents for all siliceous ores mined was $1.38 a ton; the 
average for 1918 was $1.70 a ton. These averages reflect the domi- 
nance in the total lode production of the large tomiage produced 
from the low-grade ores of the Jimeau district. 

The production, by districts, of gold and silver in 1918 from gold-lode 
mines is given in the following table: 

Gold and nlver produced from gold-lode mines in AUulOf 1919 y by districts. 





Mines 
operated. 


Ore mined 
(sbort 
tons). 


Gold. 


Silver. 


Avenue 
value for 


District. 


Quantity 

(fine 
ounces). 


Value. 


Quantity 

(fine 
ounces). 


Value. 


ton of ore 

in gold 

and 

silver. 


Sontbeastem Alaska 

Kenai Peninsula 


«7 
3 
5 
6 
2 


3,253,^ 

96 

6.730 

1,384 

515 


201,937 

435 

7,882 

2,027 

193 


14,174,407 

8,987 

182,944 

41,893 

4,006 


107,359 
284 
508 
378 
102 


$120,242 
318 
560 
424 
181 


11.32 
9Cfl3 


Willow Ciwk 


24.30 


Fairbanks district 


30. A8 


Otber districts » 


8. 13 








23 


3,262,573 


212,474 


4,392,237 


108,691 


121,734 


1.38 



fl Also shipment from one prospoct. 

b Includes 1 mine in the Copper Ulvor district and 1 in Seward Peninsula; also 1 prospect on Prin<:^ 
William Sound. 

The prospecting and development of gold lodes in 1919 was most 
active in the Willow Creek district, which lies adjacent to the railroad? 
but where no property has yet been opened up and equipped oa ^ 
large scale. There is good reason to believe that lode mining i^^ 
the Willow Creek district will make substantial gains in 1920. JS^t 
Fairbanks lode mining and prospecting have almost ceased, the or^l>' 
operations being those of a few owners who continue a little develop' 
ment with the plan of blocking out ore to be mined when the railro tx<^ 
is completed. Incidental to this work a little ore is recovered aX3^<^ 
milled, and there are many small auriferous lodes in the Fairban.1^- 
district which can be profitably exploited when the economic co^x- 
ditions improve. Comparatively little work was done on the \od^^ 
of Seward Peninsula in 1919. A gold-lode mine near Bluff \%m^ 
operated and made a small output, and some ore was mined but txCP^ 
shipped from tlie silver-lead prospec^t on Kugruk River. 

PLACER MINING. 

During 39 years of mining Alaska has produced gold to the valti^ 
of more than $311,000,000, and $218,000,000 of this amount is to bo 
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credited to her placer mines. For reasons already discussed there 
was less placer mining in 1919 than in 1918, and the outlook for a 
revival of the industry as a whole under present economic con- 
ditions is not hopeful. In the following table a comparison is made 
between the placer-mining industry in 1919 and in 1918: . 

Alaska placer mining in 1918 and 1919. 







Winter. 


Value of 




Mines. 


Minera. 


Mines. 


Miners. 


output. 


1918 


674 
466 


S.OOO 
2,177 


88 


613 
818 


15,000.000 


im 


4,970,000 




Decrease 


106 


823 


65 


2M 


930,000 





A most unfortunate effect of the decline in the production of gold, 
especially by placer mining, is the discouragement of the prospector. 
Though many prospectors devote their attention to the search for 
copper and other minerals, prospectors as a class are held to their 
vocation by the hope of finding rich placers which they can develop 
by individual effort. The loss of over 1,100 men in the placer- 
mining iadustry, as shown by the above table, means the loss of an 
equal number of at least potential prospectors. Many prospectors 
have been drawn away from Alaska by the high wages and good 
business opportimities which war conditions have created in the 
States. It is, indeed, no longer necessary to go to Alaska to obtain 
high wages. As a consequence probably half, possibly three-quarters, 
of the prewar Alaska prospectors have sought other fields. 

The value of the placer-gold output of Alaska decreased from 
15,900,000 in 1918 to $4,970,000 in 1919, and the output will be less 
in 1920. The decrease was general for all Alaska districts except for 
some in the Seward Peninsula and the Kuskokwim regions. It is 
largely due to conditions that affect gold mining adversely throughout 
Alaska. Shortage of labor, lack of transportation, and unfavorable 
seasonal climatic conditions have also operated to curtail the placer- 
gold output of certain districts. The depletion of bonanza placers 
Also helped to decrease placer mining. No important discoveries of 
placer gold were made during the year, and there was a marked 
decrease in prospecting for placer gold. 

About 466 placer mines were operated in the summer of 1919 and 
88 during the previous winter, but many for only a part of the season. 
About 2,177 men were engaged in productive placer mining in the 
smmner and 318 in the winter. In addition several hundred men 
Were engaged in prospecting or other nonproductive work relating to 

7230°— 21— Bull. 714 5 
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placer mining. No important new placer-bearing areas were dis- 
covered in 1919. The output and operations of placer mines in 1919, 
by regions, are shown in the following table: 

Crold and sUver produced from placer minu in Alatka^ 1919 , by regions. 





Gold. 


Silver. 


Gravel 

bandied 

(cubic 

yards). 


Re. 
covery 

per 
cubic 
yard. 


Number of 
mines. 


Number of 
miners. 


Region. 


Quantity 

(fine 
ounces). 


Value. 


Quan- 
tity 
(fine 
ounces). 


Value. 


Sum- 
mer. 

9 
18 

21 

6 

274 

20 
103 

16 


Win- 
ter. 


Sum- 
mer. 


Win- 
ter. 


Soutbeostem Alaska- 
Copper River region . . 
Cook Inlet and Su- 

sitna region 

Soutb western Alaska. 
Yukon basin 


1,209.37 
8,949.38 

5,321.25 

241.88 

140,771,25 

16,931! 25 

65,790.00 

1,209.37 


125,000 

i8s;oau 

110,000 

5,000 

2,910,000 

350,000 

1,360,000 

25,000 


204 
912 

827 

22 

19,461 

4,431 

6,940 

186 


t229 
1,021 

926 

25 

21,796 

4,963 

7,773 

208 


20,000 
340. (NMI 

191,000 

3,000 

1,616,000 

205,000 

2,165,000 

8,000 


IL26 
.55 

.58 
1.67 
1.81 
1.73 

.63 
3.15 


76 

2 

10 


29 
115 

81 

10 

1,246 

101 

555 

40 


"*255 


Kuskokwim region. . . 
Seward Peninsula — 
Kobuk region 


3 
60 




240,423.75 


4,970,000 


32,983 


36,941 4,548,000 


1.10 466 


88 


2,177 


318 



The following table shows approximately the total bulk of gravel 
mined annually since 1907 and the value of the gold recovered per 
cubic yard. This table is based in part on returns made by placer- 
mine operators and in part on known facts or assimiptions concerning 
the richness of the gravels in the several districts. Although the 
table is thus in part an estimate it is probably nearly correct. 

Gravel sluiced in Alaskan placer mines and value of gold recovered^ 1908-1919. 



Year. 



1908. 
1909. 
1910. 
1911. 
1912. 
1913. 





Value of 


Total quan- 


gold re- 


tity of gravel 
(cubic yards). 


covered 


per cubic 




yard. 


4,275,000 


S3. 74 


4,418,000 


3.66 


4.036,000 


2.97 


5,790,000 


2.17 


7,050,000 


1.70 


6,800,000 


1.57 

p 



Year. 



1914. 
1915. 
1916. 
1917. 
1918. 
1919. 



Total quan- 
tity of gravel 
(cubic yards). 



8,500,000 
8.100.000 
7,100,000 
7,000,000 
4,931,000 
4,548,000 



Value of 

gold re> 

covered 

per cubic 

yard. 



11.26 
1.2» 
1.57 
1.40 
1.2» 
1.1(> 



The table shows that from 1908 to 1914 there was a decline in th^ 
average gold content of the gravels mined. This decline reflects th^ 
improved methods of placer mining that have been introduced, mor^ 
especially the increase in the use of dredges, which is brought out ii 
the following table: 

Relation of Tccovery of placer gold per cubic yard to proportion produced by dredges. 



1011. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
1918. 
1919. 



Percent- 
age of 
placer 
gold pro- 
duced by 
dredges. 



Recovery per cubic yard. 



Dredges. 




12 

18 

21 

22 

22 

24 

26 

24 

27 



10.60 


$3.36 


.65 


2.68 


.54 


3.11 


.53 , 


2.07 


.51 


2.33 


.69 ; 


2.64 


.68 ' 


2.21 


.57 


1.84 


.67 


1.31 



All 
placers^ 



12. XV 



1. 

1. 

1. 

1. S7 

1. 40 

1. 30 

1.10 
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Gold dredging continues to hold an important place in Alaska 
placer mining. In 1919 there were 28 dredges in operation for the 
whole or part of the season and they produced gold to the value of 
about $1,360,000, compared with $1,425,000 worth of gold produced 
by 28 dredges in 1918. Two of these dredges were operated in 1919 
in the Fairbanks district, 2 in the Iditarod district, 1 in the Birch 
Creek district of the Yukon basin, 1 in the Moimt McEjnley (Mc- 
Grath) district of the Kuskokwim basin, and 22 on Seward Peninsula. 
These dredges handled about 1,760,000 cubic yards of gravel, com- 
pared with about 2,490,000 cubic yards of gravel handled in 1918. 
The average recovery of gold per cubic yard was about 67 cents in 
1919 and 57 cents in 1918. The gold dredges of Seward Peninsula 
produced gold worth $450,000 from about 865,000 cubic yards of 
gravel, making an average recovery of 52 cents a cubic yard in 1919 
compared with 40 cents a cubic yard in 1918. The dredges of the 
Yukon and Kuskokwim districts produced gold worth $910,000 from 
895,000 cubic yards of gravel, and the value of gold recovered per 
cubic yard was therefore about $1.02. In 1918 the dredges of the 
Alaska Yukon districts produced gold worth $881,000 from 1,125,000 
cubic yards of gravel, the value of gold recovered per cubic yard 
bemg about 78 cents. 

Though dredges were built for use in the Alaska Yukon as early as 
1898 and at Nome in 1900, this method of placer mining did not 
reach a profitable stage until 1903, when two small dredges were suc- 
cessfully operated in Seward Peninsula. Dredging began in the 
Fortymile district in 1907; in the Iditarod, Birch Creek, and Fair- 
banks districts in 1912; in the Yentna district in 1916; and in the 
Kuskokwim region in 1918. The new dredge on Candle Creek, in 
the Kuskokwim region, which was completed and operated for a short 
period in 1918, did not begin regular operations till 1919. The fact 
that this dredge and also one of the Fairbanks dredges, which like- 
wise was first operated in 1919, had successful seasons shows that 
dredging can be profitable even under present adverse conditions. 
This fact and the successful gold dredging in Seward Peninsula dur- 
ing the last 15 years proves that this type of mining has an important 
future in Alaska. In nearly every placer-mining district of Alaska 
there are large areas imderlain by auriferous gravels which justify 
exhaustive prospecting for the purpose of finding dredging ground. 
The successful use of cold-water thawing in connection with dredg- 
ing should give a further stimulus to this form of mining. Up to the 
end of 1919 gold to the value of $20,395,000 had been mined by 
dredges. The distribution of this output by years is shown in the 
following table: 
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Gold produeed by dredge mining in Alatta, 190S-1919. 
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COPPER. 

T^e copper output of Alaska in 1919 was 47,220,771 pounds, 
valued at $8,783,063. This is less than the output iu 1918, vhich 
was 69,224,951 pounds, valued at »17,098,563. During the year, 11 
copper mines were operated, compared with 17 in 1918. Of these 
mines, 3 are in the Eetchikan distiict, 5 in the Prince William Sound 
district, and 3 in the Chitina district. The curtgdlment of copper 
mining was due to the fall in the price of copper, the uncertainty of 
the market, and high freight rates. Tliroughout the war the small 
operator has been hampered by lack of shipping to transport his ore 
and of smelters to reduce it, conditions that have blocked the devel- 
opment of a number of properties and discouraged the copper-mining 
industry. Lat^ely for these reasons there has been relatively Uttle 
prospecting for copper during the last few years. Should freight 
rates decrease or the price of copper go up, many small mines would 
resume operations and the larger low-grade ore bodies would be 
opened up. Under present industrial conditions there is no likeli- 
hood of any improvement during 1920. 



Output of AUaka ojpper mint 


t in 1919, 


bydittrieu. 








Mines 


Ore 

(tons). 


Copper, 


OoM, 


SilVBr. 


DIsMot. 


(pounds?. 


v^ 


K 


Value. 


(Am 


VahlB. 


?iSSESS".v.-.:::; 
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B»,100 
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The average copper content of the ores mined in 1919 was 4.8 per 
cent. The ores also yielded an average of $0,129 in gold and tl.ll 
in silver to the ton. The averse yield for 1918 was 4.8 per cent of 
copper, $0,149 to the ton in gold, and $0,996 to the ton in silver. 

I Copper produted in Akuha, 1880-S919. 
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The copper industry in the three developed copper fields of Alaska 
is described in the account of mining in those districts given on 
subsequent pages. In southeastern Alaska the Rush & Brown 
mine was the largest copper producer. Copper was also produced 
at the Salt Chuck mine, better known for its output of palladium, 
and some ore was shipped from the Jumbo mine, at Sulzer. The 
three lai^e mines, the Bonanza, Jumbo, and Mother Lxide, of the 
Kennecott group, were the only producing mines of the Chitina 
district in 1919, though some development work was done on other 
properties. Some placer copper was also recovered incidental to 
gold-placer mining in the Nizina district. 

On Prince William Sound the Beatson-Bonanza and Ellamar 
copper mines were the only properties worked systematically through- 
out the year. Some ore was, however, also produced incidental to 
development work at the Fidolgo or Schlosser mine of the Alaska 
Mines Corporation, at the Fidalgo or Mackintosh mine of the 
Fidalgo Mining Co., and at the mine of t^e Ladysmith Smelting 
Corporation, on Latouche Island. 

Most of the prospecting for copper in 1919 was done in the Susitna 
b»sm, tributaiy to the Alaska Railroad. A number of copper lodes 
of some promise have been found in this region, but tiiey have not 
been sufficiently developed to prove their value. 
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The lead produced in Alaska in 1919 is estimated at 687 tons, 
valued at $72,822; compared with 564 tons, valued at $80,088, in 
1918. The output of lead in 1919 was derived wholly from the 
concentrates of the gold mines at Juneau. 

During 1919 development work was done on galena ores in south- 
eastern Alaska, in the Seward Peninsula, in the Yukon Basin, and 
probably in other regions. In the coiUBe of this work some ore was 
produced, but so far as known no ore was shipped. The information 
at hand indicates that the most promising discovery of silver-bearing 
galena was that made in the Kantishna district. The following table 
shows the production of lead in Alaska, so far as it can be determined 
from available data: 

Lead produced in Alaahay 1892-1919. 



Yewr. 



1892 
1803 
1894 
1895 
1896 
1897 
180K 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 



Quantity 

(tons). 


Valne. 


80 


12,400 


40 


3,040 


86 


2,310 


30 


1,320 


80 


1,800 


80 


2.160 


80 


2,240 


86 


8,160 


40 


8,440 


40 


8,440 


30 


2,460 


80 


2,620 


30 


2,580 


30 


2,620 


80 


8,420 



Year. 



1907 
1906 
1909 
1910 
1911 
1912 
1913 
1914 
1916 
1916 
1917 
1918 
1919 



Quantity 
(tons). 



80 

40 

69 

76 

61 

46 

6 

28 

437 

820 

852 

664 

687 



4,184 



Vahie. 



«3,180 
3,360 
5,964 

6,eoo 

4,3P0 

4.050 

52S 

1,344 

41,118 

113,160 

146. 5M 

80,08s 

73.822 



822.258 



TIN. 

The tin mines of Alaska produced 86 tons of ore contaiiyng 112)000 
pounds of tin, valued at $73,400 in 1919, compared with 104i tons 
of ore containing 136,000 pounds of tin, valued at $118,000, in 1918. 
The following table shows the production of tin in Alaska since mining 
began, in 1902: 

Tin produced in Almha, 1902-1919. 



Year. 



1908 
1908 
1904 
1905 
1906 
1907 
1906 
1909 
1910 
1911 



Quantity (tons). 






Vahie. 






Ore. 


Metal. 




25 


15 


18,000 


41 


26 


14.000 


23 


14 


8,000 


10 


6 


4,000 


57 


34 


38,640 


37.5 


22 


16,752 


42.5 


26 


16,180 


19 


11 


7,638 


16.5 


10 


8,335 


92.5 


61 


68,798 



*iear. 



1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 



Quantity (tons). 



Ore. 



194 

08 

167.6 
167 
232 
171 
104.6 

86 



1,674.0 



Metal. 



130 

50 

104 

108 

139 

100 

68 

66 



972 



Value. 



$119,600 

44,108 

66,560 

78,846 

121.000 

123.300 

118.000 

73.400 



918,152 
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The York district, of Seward Peninsula, continues to be the center 
of the tin-jnining industry of Alaska. Two dredges and one. small 
open-cut mine were operated in 1919. Th6 dredge of the American 
Tin Mining Co., on Buck Creek, and of the York Tin Dredging Co., on 
Grouse Creek, were both in operation. Three men were engaged in 
shoveling into sluice boxes on Buck Creek above the dredge. A total 
of 25 men were engaged in tin mining and produced about 56 tons 
of concentrates, estimated to contain about 76,000 poimds of metallic 
tin, valued at $49,810. In addition to the tin recovered in the York 
region a few himdred pounds of tin concentrates were saved in con- 
nection with gold mining on Humboldt Creek, a tributary of Ooodhope 
River. These concentrates were not shipped in 1919. 

Developments were also continued at the Lost River tin-lode xnine, 
in the York district, where about 12 men worked during the winter 
of 1918-19 and about 25 men during the summer of 1919. The 
winter work consisted mainly of retimbering, enlargement of drifts and 
shafts, and deepening of shafts. A number of buildings were erected, 
and a compressor plant was installed to furnish air for drills and for 
ventilation. A large warehouse was also built on the beach at the 
mouth of the river. A shipment of mining machinery and supplies for 
this property was landed at the mouth of Lost River in October, 1919. 

In the Hot Springs district tin ore was produced from the gold 
placers in about the same quantity as in recent years. The tin output 
of the Hot Springs district in 1919 is estimated about 30 tons of con- 
centrates containing about 36,000 pounds of metallic tin, valued at 

$23,590. 

PliATINIJM METAIiS. 

The output of platinum, palladimn, and other metals of the plati- 
num group in Alaska in 1919 is estimated at 569.52 fine ounces, 
valued at $73,663, compared with 284 fine ounces, valued at $36,600, 
in 1918. The larger part of the output in 1919, as in 1918, was 
derived from the copper-palladium ore of the Salt Chuck mine, in 
the Ketchikan district, which was operated on a larger scale than 
before. 

Platinum was recovered from the gold placers of Dime, Bear, and 
Sweepstakes creeks, in the Koyuk or Dime Creek district, Seward 
Peninsula. The production reported from these creeks in 1919 is 
only about half as large as in 1918, but the returns for 1919 may not 
be complete. Platinum was recovered from the gold placers of 
Slate Creek, in the Chistochina (Copper River) district, in about the 
same quantity as in 1918. Some platinum may have been saved on 
Boob Creek, in the Tolstoi (Yukon) district, in 1919, as in previous 
years, but no returns have been received. The total production of 
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platinum metals in Alaska since they were first saved in 1916 is 
shown below. 





Platinum mstaU produced in Ala$hi, 


X91&'1919 


• 






Year. 

• 








Grade 


Fine 
ounoes. 


VeliiB. 


1916 


12.0 

81.2 

301.0 

579.3 


&33 

53.40 

284.00 

509.62 


I7D0 


1917 


S,SOO 


1918 


36,eoo 


1919 - -- 


73,063 










973.5 


91&25 


116,463 



COAIj. 

The output of coal in Alaska in 1919 was 60,674 tons, valued at 
$343,547, compared with 75,606 tons, valued at $411,850, in 1918. 
This output was about 20 per cent less than that in 1918 but was 
greater than that in any previous year. The most important features 
of the Alaska coal-mining industry in 1919 are the continuation of 
systematic mining in the Matanuska field by the Alaska Engineering 
Commission, the systematic prospecting of a lease held in the Bering 
River field, and the beginning of the mining of the Nenana lignitic 
coal. The larger part of the output in 19 18 came from the Matanuska 
field, which yielded 44,553 tons. The remainder came from eight 
small mines in different parts of the Territory. All these mines, 
except those in the Matanuska and Bering River fields, produced 
coal for local use under free-use permits. About 10 mines were 
operated, employing about 166 men for an average period of 280 days. 

In the Matanuska field mining and underground exploration were 
carried on throughout the year at the Eska and Chickaloon mines 
by the Alaska Engineering Commission and 44,553 tons of coal was 
mined, compared with 63,092 tons in 1918. The production of coal 
from these mines was advisedly limited to the needs of the commission 
and near-by localities. At the Eska mine, where the coal is low- 
grade bituminous, about 150,000 tons of coal have been blocked out 
and some evidence has been obtained that there is an additional 
reserve of about 1,000,000 tons. The coal beds at this mine are not 
greatly folded, but some large f aidts have complicated the extraction 
of the coal. At Chickaloon, where the coal is high-grade bituminous, 
the beds are much fojided and faulted, and the conditions increase 
greatly the cost of mining. The work of the commission has resulted 
in blocking out about 100,000 tons of coal at the Chickaloon mine. A 
more complete account of mining in the Matanuska field is given 
elsewhere in this volume. 
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No details are yet available about the developments made on the 
lease held in the western part of Bering River field; but extensive 
and systematic undergroimd work has been done, and the results 
appear to have encouraged the lessees to continue. The coal at this 
locality is high-grade bituminous. Some developments were also 
continued in 1919 -on a patented claim in the northeastern part of 
the field, where the coal is semianthracite. A little coal has been 
mined at this locality and marketed at Cordova. The mine is con- 
nected by a railroad with barge navigation on Bering River. 

The connecting link of the Alaska Railroad between Fairbanks and 
the Nenana coal field was completed in 1919, except for a bridge over 
Tanana River, ^ and the Nenana lignite is therefore now available for 
use in the Fairbanks district and should stimulate the gold-mining 
mdustry. Several thousand tons of lignite were produced at *'Mile 
363 mine" and at ''Mile 387 mine" and other developments in the 
field are under way. 

Small lignitic coal mines were operated in 1919 at a number of 
widely separated localities in Alaska and their product was consumed 
locally. 

The following table gives the estimated production of coal in 
Alaska since 1888. The figures for 1888 to 1896 are estimated from 
the best data available but are only approximate. The figures for 
1897 to 1919 are based for the most part on data supplied by operators. 
Most of the coal mined before 1916 was lignite. A small quantity of 
bituminous coal was produced from the west end of the Bering River 
field in 1906. The table does not include 855 tons of coal mined in 
the Bering River field in 1912 and 1,100 tons mined in the Matanuska 
field in 1913 for test by the United States Navy. 

Coal produced in AUuhaf 1888 to 1919. 



Year. 



188S-1896. 

law 

1808 

im 

1900 

1901 

1902 

1903 

19M 

1905 

1906 

1907 

1908 



Quantity 
(short 
tons). 



6,000 
2*000 
1,000 
1,200 
1,200 
1,300 
2,212 
1,447 
1,604 
3,774 
6,641 
10,139 
3,107 



Value. 



SS4,000 
28,000 
14,000 
16,800 
16,800 
15,600 
19,048 
9,782 
7,225 
13,250 
17,974 
63,600 
14,810 



Year. 



1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
1918. 
1919. 



Quantity 
(short 
tons). 



2,800 

1,000 

900 

355 

2,300 



1,400 
13,073 
63,955 
75,606 
60,674 



252,677 



Value. 



$12,300 

15,000 

9,300 

2,840 

13,800 



3,300 

62,317 

265,317 

411,850 

343,547 



1,440,460 



1 Ttaa tempoivy bridge over Nenana River has been canied out by a flood. 
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The following table shows the coal consumption of Alaska, indnd- 
ing both local production and imports, since 1899. Most of the coal 
shipped to Alaska was bittiminous, but a little was anthracite: 

Coal conaunud in Aloihat 1899-1919, in thori Umt, 



Ywr. 


Prodaoedln 

Alaska, 
chteflysub- 

and 
lignite. 


Imported 
Itara Stoles, 

fhlefly 
bituminous 
from Waab- 

ington. 


Total foraisn 
ooal, chiefly 
bituminous 
from British 
Columbia. 


ToUlCQSl 


1899 


1,200 
1,200 
1,300 
2,212 
1,447 
1,694 
3,774 
5,541 
10,139 
3,107 
2,800 
1,000 
900 
356 
2,300 


10,000 
15,048 
24,000 
40,000 
64,626 
36,689 
67,713 
60,403 
46,246 
23,803 
33,112 
32,098 
32,255 
27,767 
69,066 
41,509 
46,329 
44,934 
58,116 
51,520 
57,166 


• 50,120 

• 56,623 

• 77,674 

• 68,363 
•60,605 

• 76,815 

• 72,612 

• 47,500 

• 93,262 

• 86,404 
60,046 
68,420 
61,845 
68,316 
56,430 
46,153 
29,457 
53,672 
56,589 
37,986 
48,706 


61,820 


1900 


72,871 


1901 


108,974 


1902 


110,575 


1903 


126,678 


1904 


115,m 


1906 


144,099 


1906 


122,624 


1907 


149,647 


1908 


113,404 


1909 


104, »» 


1910 


01,318 


1911 


95,000 


1912 


96,43$ 


1913 


127,7» 


1914 


87,662 


1915 


1,400 
13,073 
53,955 
75,606 
60,674 


77,186 


1916 


111,679 


1917 


168,60) 


1918 


165,112 


1010 


166,5t)< 








243,677 


891,580 


1,276,690 


2,411,947 



• By AscbI year ending June 30. 
PETROLEUM. 

The petroleum produced in Alaska in 1919, as in previous years, 
was derived wholly from the single patented claim in the Katalla 
field. The old weUs on this claim and the refineiy were operated as 
usual, and two new productive wells were drilled. The total produc- 
tion in 1919 was considerably larger than in 1918. 

The new leasing law, which applies to the oil lands in Alaska, has 
caused a renewal of interest in those lands which have been with- 
drawn from entry for nearly 10 years. Indications of petroleum have 
been found in five districts in Alaska, four of which, the Katalla or 
Controller Bay district, the Yakataga district, the Iniskin Bay dis- 
trict, and the Cold Bay district, are on the Pacific seaboard; and the 
fifth, which includes areas near Smith Bay, is on the Arctic coast. 
The oil fields in Alaska began to attract considerable attention in 
1896, when claims were staked under the placer law in the Katalla, 
Yakataga, and Cook Inlet districts. The first well at Katalla was 
drilled in 1901, and a well was drilled on Cook Inlet at about the 
same time. There was much activity in the supposed oil fields of 
Alaska from 1902 to 1904, when many claims were staked in all the 
fields on the Pacific coast of Alaska and when most of the wells in 
the Katalla, Iniskin, and Cold Bay districts were drilled. All oil 
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Unds in Alaska were withdrawn from entry November 3, 1910, but 
in the meanwhile patent had been granted to one claim of 151 acres 
in the Katalla field and other claims were pending. Assessment work 
has been continued on some of the claims staked before the with- 
drawal, especially in the Katalla field, and applications for patents 
have been made. Drilling for oil has been done only in the Katalla, 
Iniskin, and Cold Bay fields. About 40 wella, abrogating about 
35,000 feet of drilling, have been sunk in Alaska, of which 31 wells, 
aggr^ating 28,431 feet of drilling, are in the Katalla field. Oil has 
been produced commercially only in the Katalla field, which has 
yielded since 1904 abont 56,000 barrels of crude oil for use locally as 
fuel and for distillation in a small refinery that has been operated 
since 1912. 
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<e United BUtea, IflOt lo 111 



•i FonlfD uid Dixaesttc ComiQenie. 

STRUCTTIRAL MATERIAL, ETC. 

Marble was produced from one quarry in southeastern Alaska, hut 
in about the same amount as in recent years. The production of 
gypsum continued at the mine on Chidiagof Island. There was no 
report in 1919 of the production of bricks, quicklime, graphite, or 
barite, all of which have been produced in previous years. Some 
developments were made on a sulphur deposit on Akun Island in the 
Aleutian chain in 1919, and plans were made for the production of 
aulphur in 1920. 

REVIEW BY DISTRICTS. 

The following review summarizes briefly the principal develop- 
ments in all the districts. Many of the districts were not visited 
by members of the Geological Survey in 1919 and some operators 
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failed to make reports, so that the information at hand about 
Tnining in some of the districts is incomplete. Therefore the space 
here devoted to any district is not necessarily a meastire of its 
relative importance. The arrangement of the discussion is geo- 
graphic, from south to north. 

80T7THSASTERM' ALASKA. 

The mineral output of southeastern Alaska in 1919 was derived 
from 7 gold-lode mines, 3 copper mines, several small placer mines, 
1 gypsimi mine, and 1 marble quarry. The value of the minerals 
produced increased from $3,825,495 in 1918 to $4,679,632 in 1919. 
The lai^est Tninmg operations in 1919, as in previous years, were 
at the gold mines in the Jimeau district and at the Chichagof mine, 
in the Sitka district. Several discoveries of auriferous lodes in 
the Sitka district are reported. All the copper produced was mined 
in the Ketchikan didtrict, the largest operations being at the Rush 
and Brown mine. Placer mining was limited to the Porcupine 
district and to small beach operations at lituya Bay and at Yakataga. 
A more detailed statement of mining developments in southeastern 
Alaska is presented in a later section of this report (pp. 105-128). 

Mineral production of southeasUm Alashif 1919. 





Ore mined 
(tons). 


Gold. 


surer. 




Qoantity 

(fine 
oonoes). 


Value. 


Quantity 

(fine 
ounces). 


Value. 


Qold-lode mines 


3,263,848 
8,936 


301,937 

674 

1,209 


84,174,407 
13,936 
25,000 


107,359 

5,361 

204 


8120,342 

5,802 

229 


Copper mines 


PIapat Tnf nea , ,...,,, 












303,820 


4,213,342 


112,834 


126,363 








Copper. 


Lead. 


PaHadinm, 
marble. 




Quantity 
(pounds. . 


Valne. 


Qnantltv 
(pounds). 


Value. 


gypsum, 

etc. 
(value). 


GoId*lode mines 


, 




1,373,327 


872,822 




Ck)pper mines 


629,100 


$117,013 




Placer mines 






















692,100 


117,013 


1,373,327 


73,822 


1150,092 



COPPER BIVEB REGION. 



The productive mines of the Copper River region in 1919 included 
three copper mines and one goM-lode mine in the Chitina Valley 
and ahout 21 gold-placer mines in the Nizina, Chistochina, and 
Nelchina districts. The mineral output of the region included 
copper, silver, gold, and platinum having a total value of $7,395,669. 
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The mining developments in the Chitina district are summarized in 
a later chapter of this volume. 

The hydrauhc placer mines of Nizina district were worked on a 
large scale. Gold worth about $120^000 was recovered by seven 
mines operating in the summer. About 77 men were employed. 
Some placer copper was also recovered. 

The Chistochina placer mines are said to have had a very success- 
ful season and to have produced gold worth $60,000 from the summer 
operations of about 10 mines, employing about 30 men. A small 
amount of platinum was recovered. 

FBIKCE WTLIiZAlC SOITND. 

The value of the minerals produced on Prince William Sound in 
1919 was $2,048,892, compared with $3,990,914 in 1918. This 
amount is the value of the product at five copper mines and one 
gold-lode prospect. 

By far the lai^er part of the copper output of Prince William 
Sound in 1919, as in previous years, came from the Beatson-Bonanza 
mine. Work was continued at the Ellamar copper mine in 1919 on 
about the same scale as in the past. 

Work was continued during the year at the Girdwood mine, which 
adjoins the Beatson-Bonanza on the north, and incidentally some 
copper ore was produced and shipped. This property, now controlled 
by the Ladysmith Smelting Corporation, is being developed in a 
large way. Developments were also continued at the Schlosser and 
Mcintosh (Fidalgo) mines, on Fidalgo Bay. Assessment work 
was also done on a number of other copper properties in Prince 
William Sound. During 1919 gold mining, except for assessment 
work, was almost at a standstill in the district. 

WILLOW OBBBK DISTBZOT. 

The gold-lode mines of the Willow Creek district report a very 
successful season. The Gold Bullion, Alaska Free Gold, Mabel, 
Talkeetna, and War Baby mines were operated, producing an 
aggr^ate amount of gold worth $162,944 and silver worth $569 
from 6,730 tons of ore. A more complete account of mining in 
the Willow Creek district is given by Mr. Chapin elsewhere in this 
volume. 

YENTNA DISTBICT. 

The Cache Creek placers, in the Yentna district, produced in 
1919 gold worth about $95,000 from the operation of 15 mines. 
About 60 men were employed in productive mining and a few were 
doing dead work. Mining was curtailed during part of the season 
by shortage of water, but on the whole the season was favorable. 
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The dredge on Cache Creek did not operate in 1919 but will resume 
work in 1920. 

TJPPBB BUBTTSA BBGION. 

A little placer mining was done at several localities in the upper 
Susitna basin, the largest operations being at Valdez Creek. Pros- 
pecting for copper has been continued at several localities with 
encouraging results, but no large developments have yet been made. 
In general property owners are awaiting the completion of the rail- 
road before attempting systematic developments. To make the 
copper deposits of this district accessible wagon roads and trails 
must also be built. 

KBNAI FKHlNttUUL. 

The value of the mineral output of Kenai Peninsula in 1919, in- 
cluding placer gold, lode gold, a small amount of silver obtained 
incidentally to the mining of the gold, and some lignite mined at 
Bluff Point, was about $37,500. Of this amount $22,000 is the value 
of the gold. 

There was very little activity in lode-gold mining, and no extensive 
developments are reported. Three small gold mines were operated 
during the sununer of 1919, and placer mining was continued on a 
small scale at several localities in Kenai Peninsula. 

MATANtrSEA, COOK DnUBT, AND SUSITKA COAL FIELDS. 

The coal mines of the Matanuska field supplied the larger part of 
the Alaskan coal output in 1918, yielding about 44,553 tons of coal, 
valued at $267,318. A more complete account of mining in the 
Matanuska field is given by Mr. Chapin in another part of this volume. 

The Bluff Point lignite coal mine, at Kachemak Bay, was operated 
during the summer of 1919 and supplied a local market on Cook 
Inlet. Some of this lignite was also sold at Anchorage for domestic 
use. Some lignitic coal was also produced near Snug Harbor for the 
use of a near-by cannery. Small lignitic coal mines were also operated 
at Little Susitna and at Hobbs, on the Alaska Railroad. 

SOUTHWESTBBN ALASKA. 

Some development work was continued in 1919 on the McNeil 
copper property, near Kamishak Bay. A little beach mining was 
done in 1919, as in the past, at the north end of Kodiak Island. 
The most important mining event of the year in southwestern Alaska 
was the installation of a plant to develop a sulphur deposit on Akun 
Island in the Aleutian chain. 

YUKON BASIN. 

GSIOBBAL FXATT7BEB. 

In spite of the adverse conditions affecting gold mining the value 
of the mineral product of the Alaska Yukon in 1919 was $3,049,061, 
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as compared with $4,390,237 in 1918. The sources of the product 
in 1919 and the total mineral product since mining began in 1886 
are shown in the following tables: 

Mineral prqchiction of Yukon basing Alashif in 1919, 





Placer minra. 


Lode mines. 


TMaL 




Quantity. 


Value. 


Quantity. 


Value. 


Quantity. 


Valna 


Gold ftne ounces. . 

Silver do 

Tin (metal) pounds. . 


140,771 
19,461 
86,000 


12,910,000 
21,796 
23,fl90 


2,027 
378 


141,393 
424 


142,796 
19,830 
36,000 
10,680 


32,961,303 
22,220 
23,690 
61,878 


Coal tons.. 


















2,966,386 


41,817 


3, 049, on 



Total mineral produuetUm of the y\jLkicm torn, Alaska^ 1886-1919, 





Placer mines. 


Lode mines. 


All mines. 




Quantity. 


Value. 


Quantity. 


Value. 


Quantity. 


Value. 


Gold fine ounces.. 

Siher do 

Tin (metid) pounds. . 


6,200,360 

1,070,642 

316,410 


$128,367,000 
642,322 
168,740 


69,779 
18,754 


31,236,230 
8,922 


6,260,129 

1,069,296 

316,410 

2,251 


3129,602,230 
651,244 
168,740 
218,500 
107 000 


Antimony (crude ore) . .tons. . 


2,251 


218,600 
107,000 


Tnnflstfln. 




^ 


Platmum (crude) . . . .ounces . . 


46 


3,100 




46 

10 

21,699 


3,100 


Lead tons.. 


10 


1,672 


1,672 
146,203 


Coal do.... 


















129,161,162 


1,671,324 


130,878,680 

• 



In 1919 the Alaska- Yukon placers produced about $2,910,000 
worth of gold; in 1918, $4,261,000. The decrease of output is rather 
evenly distributed among all the districts, but the Iditarod showed 
the greatest percentage of loss as compared with the previous year. 
About 274 placer mines, giving employment to 1,246 men, were op- 
erated in the Yukon districts during the summer of 1919, and 76, 
employing about 255 men, were operated during the previous winter. 
In 1918, 355 placer mines, employing 1,965 men, were worked in the 
summer, and 121 mines, employing 490 men, in the winter. 

EsUmaUd value of gold produced from principal placers of Ylikon 6<utn, 1919. 



Fairbanks $730, 000 

Iditarod 725,000 

Tolovana 525, 000 

Ruby 165,000 

Innoko and Tolstoi 150, 000 

Circle 135,000 



Koyukuk $110,000 

Hot Springs 100, 000 

Marshall 100,000 

All others 170,000 



2, 910, 000 



FAIBBAVSB DIBTaiOT* 



The value of the total mineral production of the Fairbanks dis- 
trict in 1919 was $778,087, the value in 1918 was $848,989. In 1919, 
88 in the past, the mineral production of the district was chiefly 
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placer gold. The value of the placer gold produced in 1919 was 
S730,0OO as compared with $800,000 in ldl8. About 53 plac«r 
mines, employing 350 men, were operated in the district during the 
summer of 1919, and 24 mines, employing 86 men, during the previous 
winter. Of the total mines operated in the Bunomer about half were 
Bmall, employing only 2 to 4 men each. Eighteen of the summer 
minee are on Coldstream Creek and its tributaries, and the value of 
their total output of gold was about $275,000. The largest single 
operations were those of the dredging company, which employed 
two gold dredges on FairbanlcB Creek. Seven relatively lai^e ploQte 
were operated on Cleary Creek, and a few on Dome, Vault, and other 
streams. About 28 deep placer minee were worked in 1919 bj 
shafts and drifts, and by t^e use of steam for thawing. Many of 
these, however, were small, employing only 2 to 4 men. This type 
of mining is on the wane, owing principally to the high cost of fuel- 
With the use of Nenana coal, which has now been made available (o 
Fairbanks by the completion of the railroad, it should be revived. 
The most economical form of mining, however, is mining by dredges 
and steam scrapers. It is shown elsewhere in this volume (p. 11} 
tiiat the Fairbanks district contains large reserves of gold placers. 
It should be noted, however, that it will take some time for tlie 
placer miners to adapt their plants, now equipped to bum wood, to 
the use of the Nenana lignitic coal. 

The aggregate value of the mineral output of the Fairbanks dis- 
trict to the dose of 1919 was $72,044,767. Much the larger part of 
this amount represents the value of the placer gold, the production 
of which is shown by years in the subjoined table. In addition to 
the actual production of the district, about $1,000,000 worth of gold 
mined in tributary areas passes through Fairbanks each year. 
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The information available as to the source of the gold by creeks is 
not very accurate. An attempt has been made in the following 
table, however, to distribute the total placer-gold production of the 
Fairbanks district by the creeks on which the mines are located: 

Approximate distribution of gold produced in Fairbanks district ^ 190S-1919. 

Cleary Creek and tributariee $23, 060, 000 

Qoldstream Creek and tributaries 14, 355, 000 

Eeter Creek and tributaries 11, 330, 000 

Dome Creek and tributaries 8, 080, 000 

Fairbanks Creek and tributaries 7, 700, 000 

Vault Creek and tributariee 2, 665, 000 

little Eldorado Creek 2,255,000 

All other creeks 685, 000 

70, 130, 000 

The first lode mining was done at Fairbanks in 1910 and, as shown 
in the subjoined table, the industry reached its maximum output in 
1915. Since then the relative decline in the value of gold and the 
high cost of fuel have discouraged this tjp^ of mining. Many small 
lodes in the Fairbanks district will be developed when industrial 
conditions improve. The records show that the value of the average 
recovery per ton from. the gold ore that has been milled has been 
about f35. This shows that only the highest grades of ore could be 
profitably exploited imder existing costs of mining and milling. 
During 1919 lode mining and prospecting have almost ceased, the 
only operations being those of a few owners who continued a little 
development with the plan of blocking out ore to be mined when 
costs are decreased. Incidental to this, a little ore is recovered and 
milled. Developments of this type were made at half a dozen 
quartz properties, including the Smith & McGlone, Bondholder, 
Saint Paul, Gilmore, and Crites & Feldman. The mining of tl^lgsten 
and antimony ores has been discontinued, owing to the decrease in 
the price of those metals after the war. 

Lode gold and silver produced in the Fairbanks district^ 1910-1919, 



Year. 



1910 
1911 
1912 
1913 
1914 
19U 
1916 
1917 
1918 
1919 



Crude ore 
(short 
tons). 



148 
875 
4,706 
12,237 
6,626 
6,846 
1,111 
1,200 
1,035 
1,384 



35,060 



Gold. 



Qoantity 

(flue 
ooDoes). 



841.19 

3,103.02 

9,416.54 

16,904.96 

10,904.75 

10,534.91 

1,904.81 

2,311.38 

1,294.04 

2,026.57 



60,242.19 



Value. 



117,389 

64,145 

194,657 

349,457 

225,421 

217,776 

39,376 

47,781 

26,750 

41,893 



1,224,645 



Silver. 



Quantity 

(flue 
ounoes). 



106 

582 

1,578 

4,124 

2,209 

1,796 

140 

2,217 

616 

378 



13,746 



Value. 



157 
306 

971 
2,401 
1,222 

910 

02 

1,826 

616 

424 



8,917 



7230^— 21— Bull. 714 6 
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BOT BBBXaOB DI8TXZ0T. 



There were no important mining advances in the Hot Springs 
district in 1919. Chily 12 mines were operated in the summer and 3 
during the winter. The mines on Patterson Creek made the largest 
gold output; those of American Creek made the second lai^est output. 
Incidental to gold mining about 30 tons of concentrates containing 
about 36|000 pounds of metallic tin, worth $23,590, were recovered 
from the Hot Springs placers. Since 1910 these mines have pro- 
duced about 262 tons of stream tin, containing about 312,260 pounds 
of metallic tin, valued at 1155,490. 

Placer gold avid silver produced in the Hot Springs district, 190t-1919. 





Gold. 


Silver. 


Year. 


Quantity 

(fine 
oonces). 


Value. 


Quantity 

(fine 
oonces). 


Value. 


lfloa-3 


12,717.79 

7,flR8.M 

6,805.00 

8,707.60 

8,465.63 

7,256.26 

16,721.88 

16,721.88 

37,974.37 

19,350.00 

19,360.00 

36,281.26 

29,508.75 

38,700.00 

21,768.75 

7,256.26 

4,837.50 


9262,900 
146,600 
120,000 
180,000 
176,000 
150,000 
325,000 
325,000 
786,000 
400,000 
400,000 
750,000 
610,000 
800,000 
450,000 
150,000 
100,000 


1,818 
1,007 

831 
1,245 
1,210 
1,038 
2,248 
2,248 
6,430 
3,267 
3,267 
6,125 
4,982 
6,634 
8,675 
1,226 

817 


$964 


1904 


584 


1906 


507 


1906 


843 


1907 


798 


1906 


550 


1909 


1,169 


1910 


1,169 


1911 


2,932 


1912 


2,009 


1913 


1,973 


1914 


3,387 


1915 


2,526 


1916 


4,299 


1917 


3,028 


1918 


1.225 


1919 


915 








296,461.36 


6,128,400 


46,967 


28,878 



TOLOVAKA DISTRICT. 



About 18 placer mines were operated in the Tolovana district 
during the summer of 1919 and 7 during the previous winter. Most 
of the gold recovered in 1919, as in previous years, was taken 
from the deep mines of Livengood Creek. The immediately avail- 
able water supply of the Tolovana district is scant, and except in 
seasons of xmusual rainfall the water is likely to be insufficient to 
sluice up the dumps on Livengood Creek. Such were the conditions 
in 1918 and 1919. 

Though deep mining has dominated in the Tolovana district in 
the past, the miners there are giving increasing attention to the 
shallow placers. During the summer of 1919 the miners of the 
Tolovana district showed considerable interest in the report that 
placer gold had been found in the Mike Hess and Beaver Creek basins. 
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Placer gold an^ diver produced in the Tolovana district, 1915-1919. 
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Gold. 


SUver. 


Year. 

• 


Quantity 

(flne 
ounces). 


Value. 


Quantity 

(flne 
ounces). 


VUue. 


1915 


3,870.00 
33,862.50 
55,631.25 
42,328.12 
25,396.88 


980,000 
700,000 
1,160,000 
875,000 
525,000 


321 
2,813 
8,430 
4,060 
2,141 


S163 


1916 


1,851 
6,946 
4,060 
2,454 


1917 


1918 


1910 






161,068.75 


3,330,000 


17,816 


15,474 



BAVPABT DX8TBZCT. 



In the Rampart district 7 mines, employing 21 men in the smnmer 
of 1919, and 2 mines, employing 5 men in the previous winter, were 
operated. The largest mines were on Himter Creek, where two small 
hydraulicking plants were operated. With the rest of Alaska, the 
Rampart district suffered from the scarcity of labor. Cassiterite is 
found in the concentrates of ores taken from som^ of the mines, but 
none of it is being saved. 

Placer gold and silver produced in the Rampart district^ 1896-1919, 





Oold. 


SUver. 


Year. 


Quantity 

(flne 
ounces). 


Value. 


Quantity 

(fine 
oimces). 


Value. 


1W6-1903 


29,790.00 
4,353.75 
3,870.00 
5,805.00 
6,046.87 
3,628.12 
4,837.50 
2,080.12 
1,548.00 
1,548.00 
1,548.00 
1,461.25 
1,693.13 
1,935.00 
1,696.37 
1,161.00 
1,451.26 


1616,000 
90,000 
80,000 
120,000 
125,000 
76,000 
100,000 
43,000 
32,000 
32,000 
32,000 
30,000 
35,000 
40,000 
33,000 
24,000 
30,000 


4,440 
649 
576 
865 
901 
540 
721 
310 
231 
274 
274 
257 
300 
343 
280 
206 
90 


^ $2,664 
376 


19W 


1905 


351 


1906 


588 


1907 


595 


1908 


286 


1909 


376 


1910 


167 


1911 


125 


1912 


169 


1913 


165 


1914 


142 


1915 


152 


1916 


226 


1917 


231 


1918. 


206 


1919 


101 








74,352.36 


1,637,000 


11,257 


6,919 



BZOHABDSOV DISTBICT.* 



Though the region tributary to the town of Richardson, which 
is on the Fairbanks-Valdez road, has no large mines, it contains 
much auriferous gravel, and in the aggregate a considerable nxmiber 
of prospectors there support themselves by placer mining. During 
the last two years some systematic prospecting, part of it done with 
the use of a chum drill, has been carried on in this district under the 
leadership of Frank Lawson. The results have encouraged the con- 

>(^ed the Salchaket-Tenderfoot district in previoua reports. 
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tinuation of the work. It is estimated that during 1919 some gold 
was mined on 11 different claims in this district, employing ahout 
20 men. 

Placer gold and diver produ^d in Richardton diMtrict, 1905-1919, 



Year. 



1905 
1906 
1907 
1906 
1900 
1910 
1911 
1913 
1913 
1914 
1915 
1916 
1917 
1918 
1919 



Gold. 



Qoantlty 

(One 
ounces). 



(•) 

4,837.50 

18,140.63 

18,140.63 

7,356.35 

4,837.60 

4,837.60 

4,837.50 

4,837.50 

4,837.50 

4,605.62 

3,870.00 

1,389.37 

390.35 

483.75 



83,091.48 



Value. 



1100,000 

375,000 

375,000 

150,000 

100,000 

100,000 

100,000 

100,000 

100,000 

95,000 

80,000 

35,000 

6,000 

10,000 



1,716,000 



SOtw. 



Quantity 

(One 
ounces). 



Value. 



(•) 



3,707 
8.707 
1,483 



989 
989 
939 
790 
3t5 
59 
99 



16,963 



(•) 



1673 

2,447 

1,965 

771 

^ 

S» 

606 

907 

547 

475 

530 

302 

SO 

111 



10,034 



a Prospects. 
CHISA9A DI8TBZCT. 

The Chisana district, which lies in the headwater region of the 
Tanana River, is one of the most inaccessible in Alaska. Mining 
here has been on the wane since 1915, though the gold output in 1919 
was somewhat greater than that in 1918. The largest part of the 
gold produced in 1919 was won by rewashing the old tailings of 
Bonanza Creek. 

Placer gold and silver produced in the Chisana distncl^ 191S-1919. 



Year. 



1913 
1914 
1915 
1916 
1917 
1918 
1919 



Gold. 



Silrer. 



Quantity 

(fine 
ounces). 



1,935.00 
13,093.75 
7,740.00 
1,935.00 
1,935.00 
735.63 
1,806.13 



37,670.50 



Value. 



573,000 



Quantity 

(fine 
ounces). 



140,000 


465 


350,000 


3,910 


160,000 


1,862 


40,000 


465 


40,000 


430 


15,000 


160 


37,000 


314 



6,596 



Value, 



S280 
1,609 
944 
306 
346 
160 
352 



3,997 



KAVTISHKA DISTRICT. 



Placer mining was continued in a small way in the Kantishna 
district during 1919, about 12 mines having been operated. The 
most important advances reported were those made in lode mining. 
In 1918 a galena-bearing vein was discovered on Uiq Alice claim, 
on the ridge between Friday and Eureka creeks. This was opened 
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up in 1919 by a shaft about 70 feet deep. The vein was followed 
by a drift, whose length was not reported. The owner reports 
that the vein ranges in width from 1 to 2 feet and averages about 
18 inches. The galena ore contains a high percentage of silver 
and some gold and copper. The vein traverses schist bedrock 
and has a calcite gangue. A number of galena and gold prospects 
in this district have been described by Capps,' and development 
work appears to have been done on some of them in 1919. 

The Kantishna district is now difficult of access and is in need of 
wagon-road connection with the Alaska Railroad. At present 
supplies for the district are taken up Kantishna and Bearpaw rivers 
in small launches to the settlement of Diamond. Thence they are 
sledded to the mines in winter. Several hundred tons of silver ore 
is said to have been sledded to Bearpaw River from the Alice claim 
during the winter of 1919, at a cost, including sacking, of $35 a ton. 
On top of this comes an additional cost of S60 a ton for freight to 
the States. To meet these high freight charges the ore shipped was 
carefully picked with the hope that its average value would exceed 
SI 50 a ton. 

Placer gold and tUver prodmted in the Kantishna district^ 190S-1919. 





Gold. 


SUver. 


Year. 


Quantity 

(fine 
oonoes). 


Value. 


Quantity 

(fine 
ounces). 


Value. 


lfiOa-1908 


8,466.62 

725.62 

725.62 

241.87 

483.75 

1,451.25 

1,451.25 

1,451.25 

967.50 

967.50 

1,451.25 

725.63 

1,461.25 

725.63 


$175,000 
15,000 
15,000 
5,000 
10,000 
30,000 
30,000 
30,000 
20,000 
20,000 
30,000 
15,000 
30,000 
15,000 


1,325 
114 
114 
38 
76 
227 
227 
227 
152 
152 
227 
120 
227 
114 


1796 


IW 


76 


1908 


60 


1900 . 


30 


1910 '. '.',".'.". .! 


41 


1911 .'.'; ; 


120 


1912 ;■' ■ ..: 


140 


1913... . 


137 


1914 * ". ; ;;;. 


84 


1915 '.' ; 


77 


1916 ;.;.'. '"".■■."!*!.!. ..!;!'.'!■;;!.' 


149 


1917 


99 


1918 *. ;' ' 


227 


1919 ': ; ;■ '. / 


128 






' 


21,284.99 


440,000 


3,340 


2,162 



BOJUfUTIJEIJ) DIBTBIOT. 



In the Bonnifield placer district mining was continued in a small 
^&y by six operators. The district contains great bodies of auriferous 
gravel that carry too low a content of gold to warrant their develop- 
Blent except in a large way. When the industrial conditions improve 
Ml increase in placer mining may be expected. 

'Capps, 8. R., The "Kantfahna region, Alaska: U. S. Oeol. Survey Bull. 687, pp. 05-106, 1919. 
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Placer gold and silver ptodtused in the Bonnifield district ^ 190S-1919. 





Gold. 


SUvcr. 


Ymt. \ 


Quantity 

(floe 
oaocfls). 


ValiiA. 


Qoaottfcy 

(fine 
onnoes). 


Valne. 


1903-1906 


1,451.25 
241.87 
241.87 

2,418.75 
483.75 
967.50 
967.50 
967.50 

1,451.25 
967.50 
483.75 
680.50 
580.50 
483.75 


830,000 
5,000 
5,000 
50,000 
10,000 
»,000 
20,000 
20,000 
30,000 
20,000 
10,000 
12,000 
12,000 
10,000 


227 

38 

38 

379 

76 

152 

152 

152 

227 

152 

76 

98 

91 

75 


1136 


1907 .• 


25 


1908 


30 


1000 


197 


1910 


41 


1911 


81 


1912 


93 


1913 


92 


1914 


126 


1915 


77 


1916 


SO 


1917 


81 


1918 


91 


1910 


84 








12,287.24 


254,000 


1,933 


1,1»4 



HXHAITA COAL nSLD.« 

The completion of the Alaska Railroad from Fairbanks to the 
Nenana coal field, except for a bridge at Tanana River, stimulated 
mining. The Lynn mine was first opened up at Mile 387 on a bed 
of lignite 4 to 4^ feet thick. This coal proved to be of inferior 
quality, and work was abandoned after 2,000 tons had been mined. 

A lignite of much better grade was found at the Bums mine, 
Mile 362, where three beds have been developed by entries aggregat- 
ing 1 ,000 feet in length. These beds have been traced on the surface 
for about 2,000 feet. They are somewhat faulted but not enough 
to affect seriously ihe cost of mining. About 7,300 tons of coal 
were taken from this mine in 1919. This coal was used by the 
Alaska Engineering Commission and by the town of Nenana. The 
Bureau of Mines has issued the following statement * on the steam- 
ing value of the Nenana coal: 

The Fairbanks station of the Bureau of Mines has recently completed two series 
of tests designed to detennine, first, the comparative steaming value of Alaska lignite 
and spruce wood, and, second, the resistance of lignite to weathering when stored 
in piles in the open. The tests were made under the diiection of John A. Davis, 
superintendent of the station, who was assisted by Paul Hopkins and John Gross. 
These investigations are of special interest to Alaeka, since much has been written 
about the laige lignite fields of the Nenana district and their poaaible value as a fuel 
supply. 

The steaming tests were run to detennine the relative value of lignite and spruce 
wood in the small boilers commonly used in the mining camps of Alaska. Spruce 
wood has been used for steaming purposes almost exclusively in the past, but the 
price has risen from $7 to $20 per cord in the last 15 years and other sources of fuel 
are sought. The lignite used in the tests was not of the highest quality, since it was 
obtained near the surface. Both the wood and the lignite were carefully weighed, 
sampled, and analyzed, so that the results of the tests could be accurately compared. 

* The Nenana coal field lies within the Bonnifield placer district. 

• Bur. nines Monthly Rept. nvestlgations, February, 1920. 
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The boiler used was one of a battery of two horizontal water-tube boilers, each rated 
at 125 brake-horsepower. Two grades of lignite, one from the Lynn mine and one 
from the Bums mine, and one gjade of wood were tested. 

The results showed that, under the conditions of these tests, when compared pound 
for pound the value of spruce wood lay between the values of the two samples of 
lignite. The relative water evaporations per i>ound of fuel were: Lynn lignite, 3,06; 
Bums lignite, 3.99; sprace wood, 3.68 per pound. However, in compaiuig a cord 
of wood with a ton of lignite, it was shown that a cord of wood is equivalent to more 
than a ton of lignite from either mine. 

In the weathering tests several hundred pounds of Nenana lignite were used. It 
was first carefully sampled for analysis and then sized through a series of rings from 
three-eighths to 2 inches in diameter; 80 per cent of the sample was retained on a 
1-inch ring. The lignite was then spread in shallow trays and placed on the roof 
of the station, where it was allowed to remain, fully exposed to the weather, for 14 
months. At the end of a week it was noticeably weathered on the surface, and at 
the end of a month it had broken up into small pieces. 

At the end of the test period it was found that the surfoce portion, immediately 
exposed to the atmosphere, was entirely disintegrated, while lUiat farthest from the 
surface was only partly disintegrated, although very fragile. Over 50 per cent would 
then pass through a three-eighth inch ring and 85 per cent passed a three-fourth inch 
ring. The average loss in weight thiough weathering was 6.08 i>er cent (mostly 
moisture). The weathering at the end of 14 months, however, seemed only slightly 
more than that at the end of 1 month. In huge piles only the surface, to a depth 
of 4 to 6 inches, would weather badly, and the material beneath would be so protected 
as to suffer little change. These tests show that the behavior of these lignites is 
substantially the same as that of North Dakota Ijgnite. 

Early in 1920 permits were granted to mine coal at two other 
places in the Nenana field. One is on the west side of Nenana 
River, on Lignite Creek; the other on the east side, dose to the 
canyon. Development work on these claima is under way. 

OIBOZiS DXSTSXOT. 

The output of the gold placers of the Circle district in 1919 was the 
smallest since 1894. About 18 mines, employing about 30 men, 
were operated in the winter of 1918-19, and 26 mines and one dredge, 
employing 77 men, in the summer of 1919. The largest operations 
included the dredge on Mastodon Creek and hydraulic mines on 
Mastodon and Eagle creeks. The smallness of the output was due 
to shortage of water and late thawing, to cini^ailment of operations 
because of high costs, and to the deaths of several large operators 
of the district in the wreck of the Sophia. No new discoveries were 
reported and no new projects were undertaken. 
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Placer gold and nlver produced in thfCvrcU dUtrict, 1894^1919, 



Year. 



18M 
1806 
1806 
1807 
1808 
1800 
1000 
1001 
1002 
1003 
1004 
1005 
lOOS 
1007 
1008 
1000 
1010 
1011 
1012 
1013 
1014 
1015 
1016. 
1017. 
1018. 
1010. 



Ookl. 



Qtttntity 
(Ane 
0. 



t.75 

7,296.25 

SS,863.50 

34,187.50 

10,350.00 

12,003.75 

12,003.75 

0,675.00 

0,675.00 

0,675.00 

0,675.00 

0,675.00 

14,512.60 

0,675.00 

8,465.63 

10,884.37 

10,884.37 

16.031.25 

15,721.87 

8,465.63 

10,884.37 

11,126.25 

14,512.50 

0,675.00 

8,465.63 

6,530.63 



314,487.50 



Vahie. 



$10,000 
180,000 
700,000 
500,000 
400,000 
290,000 
350,000 

aoo,ooo 

200,000 
300,000 
200,000 
200,000 
300,000 
200,000 
175,000 
225,000 
225,000 
350,000 
325,000 
175,000 
225,000 
230,000 
300,000 
200,000 
175,000 
135,000 



surer. 



Quantity 

(ftne 
oanoa). 



129 
1,886 
8,704 
6,280 
5,081 
3,144 
3,144 
2,512 
2,512 
3,144 
3,144 
3,144 
3,773 
3,144 
2,212 
2,830 
2,880 
4,403 
2,430 
1,314 
1,680 
1,727 
2,252 
1,561 
1,708 
1,2B0 



Valw. 



1,226 
^080 
3,773 
^068 
1,886 
1,886 
1,507 
1,331 
1,608 
1,B23 
1,018 
2,565 
^075 
1,166 
1,473 
1,528 
2,333 
1,500 
704 
934 
875 
1,482 
1,285 
1,708 
1,411 



6,500,000 



76,006 



47,301 



rOBTTMILE DISTRICT. 



Placer mining in the Fortymile district, as in all the other isolated 
districts of Alaska, declined in 1919; when the gold output was 
smaller than in any previous year. Some productive work was done 
at about 20 mines, but^ most of these were small. The largest out- 
put was made from Jack Wade Creek and Walkers Fork. A hy- 
draulic plant on Dome Creek that had been in process of installation 
since 1917 was completed but was operated only a short time. This 
plant is intended to exploit bench gravels. Another company has 
been exploring the placers of Dennison Fork and the adjacent region 
with a view of installing large plants. The Fortymile district 
contains much auriferous gravel whose gold content is great enough 
to justify mining when costs are reduced. A good wagon road into 
the district from Yukon River is very much needed. 
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Placer gold and miter produced in the FarlymiU dittriet, 1886-1919, 



Year. 



1885-1003 

1904 

1006 

1005 

1007 

1008 

1900 

1010 

1011 

1912 

1013 

1914 , 

1915 

1916 

1917 

1918 

1919 



Gold. 



Quantity 

(fine 
otmoM). 



198,500.00 

14,851.12 

12,384.00 

9,868.50 

6,n2.50 

6,772.50 

10,884.87 

9,675.00 

9,575.00 

10,303.87 

4,837.60 

2,418.75 

2,418.75 

2,418.75 

8,870.00 

3,628.12 

1,983.37 



306,962.10 



Vahie. 



307,000 

256,000 

204,000 

140,000 

140,000 

226,000 

200,000 

200,000 

213,000 

100,000 

60,000 

50,000 

50,000 

80,000 

75,000 

41,000 



6,331,000 



Silver. 



Quantity 

(fine 
otmoea). 



30,563 

2,345 

1,955 

1,568 

1,069 

1,069 

1,719 

1,528 

1,528 

1,627 

764 

382 

382 

382 

624 

573 

313 



48,371 



Vahie. 



822,915 

1,360 

1,193 

1,069 

706 

567 

804 

835 

810 

1,000 

461 

211 

194 

251 

513 

573 

350 



83,883 



-EAOtl^ DZBTBXOT. 



The output of placer gold in the Eagle district in 1919 was about 
the same as in 1918. Most of it was mined on tributaries of Seventy- 
mile Kiver and American Creek; where 14 mines were operated, 
employing 30 men. No new developments or discoveries were 
reported. 

Placer gold and aUver produced in the Eagle and Seventymile dietrictSf 1908-1919. 





Gold. 


Silver. 


Year. 


Quantity 

(fine 
oonoee). 


Value. 


Quantity 

(fine 
ounces). 


Value. 


1908 


483.75 

1,209.37 

483.75 

580.50 

967.50 

2,418.75 

2,418.75 

1,935.00 

822.37 

628.88 

1,209.37 

960.50 


810,000 
25,000 
10,000 
12,000 
20,000 
50,000 
60,000 
40,000 
17,000 
13,000 
25,000 
20,000 


76 

191 

76 

93 

164 
382 
382 
306 
130 
96 
191 
153 


$40 


19C9 


99 


1910 


41 


1911 


40 


1912 


100 


1913 


231 


1914 


211 


1915 


156 


1916 


86 


1917 


75 


1918 


191 


1919 


170 








14,127.49 


292,000 


2,237 


1,448 



OHAHDALAB DIST&XOT. 



Little information has been received concerning inining in the 
Chandalar district. The placers were apparently worked on about 
the customary scale, two summer mines and one winter mine em- 
ploying eight and five men, respectively. 
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Placer geld and silver produced in the Chandalar district^ J90&-1919, 



% 


Gdd. 


SUver. 


Year. 


QiuuDttty 

(flne 
ounces). 


Value. 


Quantity 

(flne 
ounces). 


Vaine. 


1905-1912 


a, 902. 50 
266.06 
241.87 
241.87 
435.37 
725.63 
628.88 
453.75 


160,000 

6,500 

5,000 

5,000 

9,000 

15,000 

13,000 

10,000 


416 
38 

35 
35 
62 
104 
96 
79 


S241 


1913 


23 


1914 


19 


1915 


18 


1916 


41 


1917 


86 


1918 


96 


1910 


88 








5,895.03 


122,500 


855 


612 



XOYUJLUJL DXBTBIOT. 



In the Koyukuk district, in spite of its extreme isolation, con- 
siderable placer mining was done in 1919. It is estimated that 15 
mines, employing 60 men, were operated during the summer of 
1919, and 3 mines, employing 10 men, during the previous winter. 
The largest operations were those on Nolan Creek. Gold placers 
were discovered on Hogatza River, in the Koyukuk district, in 
1919, but the developments are not yet sufficient to determine their 
value. Placers are also reported to have been discovered in the 
basin of Birch Creek, a tributary of Wild River, and also in the 
Koyukuk district, though the reports have not been verified. These 
placers are in inaccessible regions and would have to be very rich to 
justify their development under present conditions. The reports, 
however, indicate that not all the Alaska prospectors have become 
discouraged. 

Placer gold and silver produced in the Koyiikuk dUtrict, 1900-1919. 



Year. 



1900-1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 



Gold. 



Quantity 

(flne 
ounces). 



106,454.02 

7, 74a 00 

6,772.50 

0,675.00 

10, 35a 00 

12,577.50 

13,308.12 

14,906.25 

12,098.75 

7,256.25 

5,321.25 

215,539.64 



Value. 



92,200,600 
160,000 
140,000 
200,000 
400,000 
260,000 
275,000 
310,000 
250,000 
150,000 
110,000 

4,455,600 



Silver. 



Quantity 

(fine 
ounces). 



15,242 

1,108 

970 

1,385 

2,770 

1,800 

1,902 

2,147 

1,700 

860 

760 

30,644 



Value. 



18,093 

dva 

514 

852 

1,673 

905 

064 

1,413 

1,401 

860 

851 

10,114 
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Mining was continued in a very small way in the Indian River and 
Gold Hill districts of the Middle Yukon Valley during 1919. It is 
estimated that only five placer mines were operated. 

Placer gold and silver produced in the Indian River and Gold Hill districts, 1911-1919, 





Gold. 


Silver. 


Year. 


Quantity 

(line 
oonoes). 


Value. 


Quantity 

(Ane 
ounces). 


Value. 


1911 .•. ! 


483.75 

1,185.19 

1,548.00 

1,209.37 

725.63 

483.75 

241.88 

193.50 

338.63 


»0,000 

34,500 

33,000 

35,000 

15,000 

10,000 

5,000 

4, (NX) 

7,000 


69 

170 

321 

173 

104 

69 

27 

29 

53 


137 


1912 


106 


1913 


133 


1914 


96 


1915 


53 


1916 


45 


1917 


22 


1018 


39 


1919 


58 








6,400.69 133,500 


914 


578 



BVBT DISTBIOT. 



Placer mining in the Ruby district declined greatly in 1919 as 
compared with previous years. About 22 mines, employing 80 men, 
were operated during the summer of 19 19, and only 2 during the 
previous winter. A new gold-bearing channel was discovered on 
Flat Creek and was profitably developed. Some new gold dis- 
coveries were also made on Poorman Creek. There were also large 
mining operations on Greenstone Creek. 

Placer gold am' silver produced in the Ruby district, 19C7-1919, 





Gold. 


Silver. 


Year. 


Quantity 

(fine 
ouncra). 


Value. 


Quantity 

(line 
ounces). 


Value. 


1907-8 


4S.38 


$1,000 


7 


$4 


1909 




1910 










1911 










1912 


8,465.63 
37,974.37 
48,375.00 
33,862.50 
41,118.75 
42,811.88 
19,350.00 

7,961.88 


175,000 
785,000 
1,000,000 
700,000 
850,000 
885,000 
400,000 
165,000 


1,157 

5,188 

6,609 

4,626^ 

5,618 

6,073 

3,000 

1,255 


712 


1913 


3,134 


1914 


3,655 


1915 


2,345 


1916 


3,607 


1917 


5.046 


1918 


3.000 


1919 


1,406 








239,968.39 


4,961,000 


33,533 


22,999 



nrKOKO AKD TOLSTOI DISTRICTS. 



Placer mining was continued in the Innoko and Tolstoi districts 
on about the same scale as during previous years. A total of 17 
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mines, employing 68 men, were operated in the sommer of 1919, and 
12, employing 15 men, in the previous winter. The largest -planiB 
were on Ophir and Qaines creeks. Considerahle prospecting of 
auriferous lodes was done during the year. Some ore was recovered 
with the view of making shipments for mill tests. 

Placer gold and tiiver prodiued in tht Innoio and Tol^oi dittriett, 1907-1919. 
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miTAIlOD DIBTKIOT. 

The operation of two gold dredges in the Iditarod district was 
continued in 1919, but as compared with 1918 other forms of placer 
mining decreased. It is estimated that a total of 12 mines, emplo^' 
ing 70 men, were operated in the summer of 1919, and 3 min^^i 
employing 20 men, in the previous winter. 

PlacfT gold and «7iier prodiuied in the Idxtarod district, 1910-1919. 



MABSHAIX DISTRICT. 



Productive mining in the Marshall district was nearly all confined 
to Willow Creek, About eight mines were operated in the district 
during the summer of 1919, employing some 56 men. 
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PUxer gold and aUver prodtuxd in the MaruhaU district, 1914-1919, 



year. 



1914 
1915 
1916 
1917 
1918 
1919, 



Gold. 



Quantity 

(fine 
ounces). 



735.62 

1,200.37 

13,061.25 

20L560.37 

7,256.25 

4,837.50 



47,649.36 



Value. 



$15,000 
25,000 
270,000 
425,000 
150,000 
100,000 



965,000 



BUver. 



Quantity 

(fine 
ouncQs). 



94 

156 

1,686 

3,300 

940 

624 



6,800 



Value. 



$52 

79 

1,109 

2,719 

940 

699 



5,598 



KUSKOKWIM BEaiON. 

Mining interest in the Kuskokwim Valley during 1919 centered in 
the McGrath (Mount McKinley) district. Here the principal events 
were the successful operation during the entire season of the gold 
dredge installed on Candle Creek in 1918, and the discovery and 
development of a number of lodes carrying gold, silver, and some 
copper. The most promising of the lodes discovered are on Nixon 
Fork, 10 to 20 miles from Kuskokwim River. These lodes appear to 
lie in a zone of mineralization along a contact of limestone and intru- 
sive granite. The most important developments are on the Crystal 
lode, said to be 3 to 5 feet in width and to carry considerable gold and 
some silver and copper. In the fall of 1919 preparations were made 
to open up this lode and make a shipment in the smnmer of 1920 of 
a thousand tons of ore for a smelter test. Other promising auriferous 
lodes have been found and prospected. A specimen sent to the 
Geological Survey by Dr. W. F. Green from the YlHielen claim, 
contained copper and a little nickel. Another specimen, from Round- 
about Moimtain, also sent by Dr. Green, contained pyrite and chal- 
copyrite and a trace of nickel. The evidence in hand indicates that 
a part of this district is well mineralized, and this augurs well for the 
finding of commercial ore bodies. 

Mining was continued in the Aniak-Tuluksak district, including 
Georgetown, in the Kuskokwim district during 1919, but on a reduced 
scale as compared with previous years. Some dredging ground on 
Marvel Creek, in this district, was prospected. Placer mining in the 
Goodnews Bay district, which is described elsewhere in this volume, 
was also continued on a reduced scale. 

The value of the total gold produced in the Kuskokwim Valley 
in 1919 was about $350,000. The value in 1918 was $100,000. 
The substantial increase in 1919 is to be credited to the McGrath dis* 
trict. In 1919 about 20 placer mines, employing about 100 men, 
were in operation in aU the Kuskokwim districts . Work was continued 
at the Parks quicksilver mine on the lower Kuskokwim. A retorting 
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plant was shipped in during the summer of 1919 and installed about 
the end of the year. About 30 men were employed at this mine. 

The Kuskokwim Valley, because of lack of steamers, is rather dif- 
ficult of access. Small ocean vessels can ascend the Kuskokwim as 
far as Bethel, and the river is navigable by smaller craft for some 600 
miles above that place. As mining increases better service will no 
doubt be established, but the only conmiunication with Seattle in 
1919 was afforded by small gas boats and schooners. Some five boats 
were used on this run, the largest of which had a capacity of about 
1,000 tons. The passage from Seattle takes about 30 days. Pas- 
senger rates from Seattle to Bethel in 1920 were $125 and freight 
rates were about $30 a ton. Freight is carried from Bethel up the 
Kuskokwim to McGrath and other places by a river steamer. This 
boat makes two or three trips a season and can carry about 300 tons 
of freight. The up-river journey from Bethel to McGrath takes about 
10 days. In 1919 about 3,000 tons of freight was carried to Bethel 
from Seattle, of which about 800 tons was sent up the river as far as 
McGrath. McGrath can be reached by overland horse trail, from 
Iditarod and Ruby. The lower Kuskokwim Valley can be reached 
by way of the mail route that crosses the Portage trail from lower 
Yukqn River. 

BBWARD FENIN8TJLA. 

The value of the mineral output of Seward Peninsula in 1919 was 
about $1,423,449, compared with $1,195,172 in 1918. Of the output 
in 1919, $1,360,000 represents the value of the placer gold and 
$63,449 the value of the miscellaneous products, including tin, lode 
gold, silver, and platinum. The value of the placer gold produced in 
1918 was $1,108,000, so that there was a substantial increase. 

In all 24 gold dredges were operated in Seward Peninsula during 
1919, distributed as follows: Nine in the Nome district, eight in the 
Council district, foiir in the Solomon district, and one each in the 
Kougarok, Fairhaven, and Port Clarence districts. Three dredges 
used the so-called cold-water method of thawing the gravels. In 
addition to the dredges, about 75 open-cut mines and 13 deep placer 
mines were operated on Seward Peninsula in 1919. About 555 men 
were employed in placer mining and about 60 of these were employed 
in deep mining during the winter. Some 32 ounces of platinum was 
won from the gold placers of the Dime Creek region, in the south- 
eastern part of Seward Peninsula. There were some small develop- 
ments on auriferous quartz and galena deposits of Seward Peninsula 
in 1919. 

The York district, of Seward Peninsula, continues to be the center 
of the tin-mining industry of Alaska. Here two dredges and one 
small open-cut mine were operated in 1919 on placer tin, employing 
some 25 men, and about 56 tons of stream tin was recovered by these 
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operations. (See p. 229.) Developments were also continued at the 
Lost River tin-lode mine, in the same district, where about 25 men 
were employed. A more detailed statement of the mining develop- 
ments in the Seward Peninsula is given in another part of this report. 

KOBTJK BIVEB. 

About $25,000 worth of gold was taken from the gold placers of 
the Kobuk district in 1919, as compared with $15,000 in 1918. 
Seventeen mines were operated, employing about 40 men. Most of 
the gold was taken from Klery and Dahl creeks. It is reported 
that James Cross and Harry Brown discovered gold in the Ambler 
Valley of the Kobuk region. The gold is said to be bright and rather 
coarse and to include flat nuggets. It is reported that at least 
$1,000 was taken out during the summer of 1919. 



ADMINISTRATIVE REPORT. 



By Alfred H. Brooks and Geobgb C. Martin. 



INTRODUCTION. 

During 1019 twelve parties were engaged in surveys and investiga- 
tions in Alaska. The length of the field season ranged from 1 to 12 
months, being determined by the character of the work and by the cli- 
matic conditions prevailing in different parts of the Territory. Hie 
parties included 8 geologists, 3 topographers, 1 engineer, and 12 pack- 
ers, cooks, and other auxiliaries. Eight of the parties were engaged in 
geologic surveys, three in topographic surveys, and one in stream gag- 
ing. The areas covered by reconnaissance geologic surveys on a scale 
of 1 : 250, OOQ (4 miles to an inch) amount to 3,300 square miles. Much 
of the time of the geologists was devoted to the investigation of special 
problems relating to the occurrence of minerals, the results of which 
can not be expressed in terms of area. About 2,300 square miles 
was covered by reconnaissance topographic surveys on a scale of 
1:250,000 (4 miles to an inch). Stream gaging was continued in 
southeastern Alaska, in cooperation with the Forest Service. 

Of the parties whose work may be classified geographically, two 
parties worked in southeastern Alaska, three in the Cook Inlet-Susitna 
region, and one each in the Yukon, Copper River, and Kuskokwim 
regions and in Seward Peninsula. 

The funds available for field and office work relating to the field 
season of 1919 included an appropriation of $75,000 for the fiscal 
year ending June 30, 1920, and the unexpended balance of the appro- 
priation for the year ending June 30, 1919, of which about $16,700 
was used in equipping parties for the season's field work. The fol- 
lowing tables show the allotments, for both field and office work, of 
the total funds classified by regions, by kinds of surveys, and by 
kinds of expenditures. In the first table the general office expenses 
are apportioned to the several allotments, account being taken of 
variations in character of work. The results are expressed in round 
numbers. Salaries of the permanent staff, other fixed charges, and 
the total allotments for the work of the office at Anchorage are in- 
cluded up to the end of the fiscal year 1920, but expenses other than 
these include only the cost of field and office work during 1919. The 
''general investigations '^ comprise among other things the cost of col- 

7230«— 21— Bull. 714-2—7 »7 
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lecting mineral statistics, and of office work relating to the field inves- 
tigations of previous seasons. A balance of about $10,400 from the 
appropriation for the year ending June 30, 1920, is available for 
equipping the field parties in 1920. 

ApprorimaU general distribution of appropriations /or investigations in Alaska, field 

season of 1919. 



Southeastern Alaska 

Copper River reeion 

Cook Inlet and SusltQa basin. 

Yukon basin 

Kuskokwlm region 

General investigations 

To be allotted to field work, 1900. 



1918-19 



1500 



13,300 

'"8,'666 



16,700 



1920 



$13,200 

1,800 

22,900 

2,300 

8,700 

15,700 

10.400 



75,000 



Approximate allotments to different kinds of surveys and investigations^ field season oj 

1919. 



ReoonnaiSBanoegeoloeio surreys , 

Special geologic investigations , 

Reconnaissance topographic s urveys 

Investigation of water resources 

Collection of mineral statistics 

Miscellaneous, including administration, inspection, clerical salaries, office sup- 
plies and equipment, and map compilation 

To be allotted to field work, 1920 



1918-19 



18,000 



8,100 



16,700 



1920 



$17,600 
9,900 
9,ffi0 
4,200 
1,900 

21,200 
10,400 



75,000 



Allotments for salaries and field expenses^ field season of 1919. 



Scientific and technical salaries 

Field expenses 

Clerical and administrative salaries and miscellaneous expenses . 
To be allotted to field work, 1920 



191»-19 



$16,700 



16,700 



1920 



$3.1,458 
15,421 
15.721 
10,400 



75,000 



The following table exhibits the progress of investigations in 
Alaska and the annual grant of funds since systematic surveys were 
begun in 1898. It should be noted that a varying amount is spent 
each year on special investigations that yield results which can not 
be expressed in terms of area. 
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George C Martin directed the work of the division of AJaskan 
mineral resources until May 4, when Alfred H. Brooks, having 
received his discharge from the Army, resimied his former duties. 
Much of Mr. Brooka's time between May 4 and his departure for 
Alaska in Auguat waa devoted to duties other than those relating 
to Alaska. Mr. Brooks, in company with Mr. John Hallowell, 
Assistant to the Secretary of the Interior, sailed from Seattle for 
Alaska on August 15, and devoted the following six weeks to a 
study of the r^on adjacent to the Government railroad, making 
^30 brief viaita to the Matanuska coal field and the Fairbanks dis- 
trict. He returned from the interior by wagon road to Chitina and 
tJience by railway to Cordova. During this part of the journey a 
side trip waa made to the Keunecott-Bonanza mine. 
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Of the total of 88 days given to Alaska office work between May 4 
and December 31, Mr. Brooks devoted 12 days to critical reading of 
manuscript, to preparation of the annual press bulletin, 3 to field 
plans, and 18 days to geologic studies. The rest of the time was de- 
voted to routine and administrative duties. Mr. Martin, in addition 
to doing a large amount of administrative work, spent much time in 
preparing this volume and in compiling and coordinating the mineral 
statistics. He also prepared a summary report on the Alaska oil 
fields and continued his studies on the Mesozoic geology of Alaska. 
His field work is referred to below. 

Miss Lucy Graves, chief clerk of the division, has assisted the 
geologist in charge in various phases of administrative duties. She 
has charge of clerical work and the files and makes administrative 
examination of all accounts and vouchers. Much of the work of 
compiling the statistics of the mineral production of Alaska has been 
done by Mr. T. R. Burch. 

GEOGRAPHIC SUMMARY. 
80I7THEA8TEBN ALASKA. 

The investigation of the water resources of southeastern Alaska, 
begun in 1915 under a cooperative agreement with the Forest Service, 
was continued throughout 1919. G. H. Canfield, who had charge 
of this work, maintained automatic gages throughout the year. In 
addition to these gages, others were installed in cooperation with 
individuals and corporations. The results are briefly summarized 
in another part of this report. This work could not have been ear- 
ned on without the cordial cooperation of the Forest Service, many 
members of which have given substantial aid. Particular acKnowl- 
edgment should be made to C. H. Florey, forest supervisor at 
Ketchikan. 

A reconnaissance of the geology and mineral deposits of parts of 
the Glacier Bay and Lynn Canal regions was made by J. B. Mertie, jr. 
Field work was begun on July 23 and continued untU September 18. 
An area of about 200 square miles was mapped in reconnaissance. 
Mr. Mertie also visited the productive mines of the Juneau and 
Ketchikan districts. 

COPPER BIVEB. BSGION. 

The completion of the report on the Kotsina-Kuskulana district, 
which was suspended by the assignment of Mr. Moffit to work for 
the War Department during the war, required the gathering of a 
small amount of additional field data in order to bring it up to date. 
Mr. Moflit spent September in this work. 
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COOK INIiBT AND SUSITNA BBOI0N8. 

Because of the importance of the region tributary to the Govern- 
ment railroad and the growing demand for information concerning it), 
a special e£Fort is being made to complete the mapping of that region. 
The surveys and investigations in the Cook Inlet and Susitna r^ons 
in 1919 included a topographic and geologic reconnaissance survey of 
areas between Talkeetna River and Broad Pass and in the upper 
Kantishna region, as well as detailed investigations at the coal mines 
in the Matanuska Valley. 

A party in charge of S. S. Capps, assisted by S. H. Cathcart, made 
reconnaissance surveys on the scale of 1 : 180,000 of an area of about 
300 square miles in the high mountains on the headwaters of the 
Kantishna and of the upper tributaries of the Susitna. T. P. Pendle- 
ton, attached to this party, made topographic surveys of the s&me 
area. The party began field work on the north side of the Alaska 
Range June 28 and finished August 27, crossing the Alaska Range 
and returning to the coast by way of Susitna River. 

A topographic reconnaissance survey of an area adjacent to the 
Government railroad between Talkeetna River and Broad Pass was 
made by J. R. Eakin from June 22 to September 12. An area of 
about 600 square miles was mapped on a scale of 1 : 180,000. R. M. 
Overbeck completed geologic surveys of the same area. 

YTTKON BBGION. 

The placer mines of the Eagle and Circle districts were visited 
by G. C. Martin from August 16 to September 13 for the purpose 
of obtaining information concerning recent mi n ing conditions and 
developments. 

OOODNEWS BAY. 

Topographic and geologic reconnaissance surveys of an area in the 
vicinity of Goodnews Bay and the lower Kuskokwim were made by a 
party in charge of R. H. Sargent. Mr. Sargent mapped topograph- 
ically an area of 1,400 square miles on the scale of 1 : 180,000. G. L. 
Harrington, who accompanied Mr. Sargent's party, made a recon- 
naissance geologic map of an area of about 2,000 square miles. Field 
work began July 4 and ended August 17. 

SEWABD PENINSTJIiA. 

After the end of his field work in the Kuskokwim region, G. L. 
Harrington made investigations of general mining developments in 
Seward Peninsula. He was engaged in this work till October. 

ALASKA OFFICE. 

The branch office of the Geological Survey at Anchorage, in charge 
of Theodore Chapin, was maintained throughout the year. The main 
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purpose in opening this office is to provide the means of close coopera- ' 
tion between the Geological Survey and those in charge of the opera- 
tion of the Government coal mines in the Matanuska Valley. It is 
also the purpose of the resident geologist to do everything possible to 
aid the mining industry in the region tributary to the Government 
railroad, to keep in close touch with all local developments in mining 
and prospecting, and to furnish whatever aid may be possible by 
giving information, advice, and publications to all who are engaged in 
mining and prospecting. 

COIiLECTTON OP STATISTICS. 

The collection of statistics of production of metals in Alaska, begun 

by the Alaska division in 1905, was continued as usual. Preliminary 

estimates of mineral production for the previous year were published 

on January 1. 

PUBLICATIONS. 

Dming 1919 the Survey published six bulletins and one professional 
paper relating to Alaska. In addition, two bulletins were in press 
and 13 reports, including this Volume, were in preparation at the end 
of the year. Eight topographic maps were published, and nine 
were in preparation at the end of the year. 

BSPO&TS ISSUED. 

Professional Paper 109. The Canning River region, northern Alaska, by E. deK. 
Leffingwell. 

Bulletin 668. The Nelchina-Susitna region, Alaska, by Theodore Chapin. 

Bulletin 6()4. The Ncnana coal field, Alaska, by G. C. Martin. 

Bulletin 683. The Anvik-Andreafski region, Alaska, by G. L. Harrington. 

Bulletin 687. The Katishna region, Alaska, by S. R. Capps. 

Bulletin 692. Mineral resources of Alaska, 1917, by G. C. Martin and others. 

Bulletin 699. The Porcupine district, Alaska, by H. M. Eakin. 

BEPOBTS m PBESS. 

Bulletin 682. The marble resources of southeastern Alaska, by E. F. Burchard. 
(Published in November, 1920.) 

Bulletin 712. Mineral resources of Alaska, 1918, by G. C. Martin and others. 
(Published in October, 1920.) 

Bulletin 719. Preliminary report on petroleum in Alaska, by G. C. Martin. 

BEPOBTS IN PBEPABATION. 

Chromite of Kenai Peninsula, Alaska, by A. C. Gill. 
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LODE MINING IN THE JUNEAU AND KETCHIKAN DISTRICT& 



By J. B. Mertie, Jr. 



INTRODUCTION. 

During the last few years gold mining has been increasingly difficult 
to conduct as a profitable enterprise. The advances in cost of labor 
and commodities of all kinds have worked a special hardship upon 
the gold-mining industry, for the standard and unchanging value of 
gold has rendered it impossible to ofiFset the high prices by increasing 
the market value of the product, as in other industries. Low-grade 
gold properties that were formerly worked on a small margin of profit 
by means of large-scale operations, are now either scarcely earning 
their operating expenses, or are being worked at an actual loss for 
the sake of enabling the operators to hold their organizations together. 
Properties of somewhat higher grade are likewise adversely affected, 
for even for them gold mining has become much less profitable. This 
condition is reflected in southeastern Alaska by a general policy of 
retrenchment in mining operations on the part of owners and opera- 
tors of gold mines. Moreover, present economic conditions have had 
a very hurtful influence, both economic and psychologic, upon the 
development of new gold mines. 

In the Juneau gold belt the Alaska-Gastineau, Alaska-Juneau, and 
Treadwell properties were operated in 1919, and prospecting and de- 
velopment work were carried on at the Jualin mine, Bemers Bay; 
at the property of the Admiralty-Alaska Gold Mining Co., at Funter 
Bay; at the Red Wing group of claims, at the head of Windham Bay; 
and at the copper property of the Endicott-Alaska Mining & Milling 
Co., at William Henry Bay. The Peterson mine, at Pearl Harbor, 
was also worked on a small scale diuring the summer. Elsewhere in 
this district mining and prospecting were practically at a standstill. 

In the Ketchikan district mining was confined largely to Prince of 
Wales Island. The Rush & Brown copper mine and the Salt Chuck 
copper-palladium mine, on Kasaan Peninsula, were operated through- 
out the year, and the Dunton gold mine, near Hollis, was worked 
intermittently. Prospecting and development work were continued 
at the molybdenite property of the Treadwell Co., near Shakan. 
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JUNEAU DISTRICT. 

MAINLAND. 

PEB8EVERANCE HOKE. 

The Perseverance mine of the Alaska Gastineau Mining Co., about 
4 miles east of Juneau, was operated in 1919 on a basis ranging from 
150,000 to 200,000 tons of ore a month, whereas the rated capacity 
of the mill is 10,000 tons a day. About 460 men were employed. 
The ore is being taken chiefly from levels 8, 9, 10, and 11. New con- 
struction and mine-development work have been greatly restricted, 
partly because of laige increases in operating expenses and scarcity 
of labor, but also because developm^it work is already considerably 
ahead of mining operations. 

This project is a striking example of the hardship wrought upon 
the gold-mining industry by the increased cost of labor and supplies. 
According to data published in a paper by the manager of the Alaska- 
Gastineau Mining Co./ the cost of supplies of all kinds advanced 35 
per cent over the prewar cost in 1917 and 70 per cent in 1918, and 
it is believed by the writer that the advance reached 100 per cent in 
1919. Wages increased 7 per cent in 1917 over the 1916 standard, 
25 per cent in 1918, and, it is believed, at least 40 per cent in 1919. 
The cost of operation has therefore increased steadily during the last 
three years. The average cost of ore delivered to the mill over a 
period of four years is shown in the same paper to be about 48 cents 
a ton, and in view of the increasing costs in the last three years it 
is fair to judge that the present cost is considerably above this figure. 
To this must be added milling, shipping, smelting, and administra- 
tive charges, which will probably amount to 80 per cent of the cost 
of ore production. Data on the production of the Perseverance 
mine, published in monthly statements in the Engineering and Min- 
ing Journal, show that the net value per ton during 1919 ranged from 
60 to 75 cents and averaged perhaps 70 cents. 

ALASKA-JUNEAU MINE. 

The Alaska-Jimeau mine was operated continuously during 1919, 
employing about 225 men in the mine and null. The new 8,000-ton 
miU, which was completed in 1917 and tried out in 1917 and 1918, 
was found to be less than 50 per cent efficient, and in 1919 much 
attention was given to improvements in milling practice. The flow 
sheet of the mill has been changed materially, and alterations have 
been made in the milling machinery. The chief improvements have 
been the introduction of hand picking of the ore as it comes from the 

1 Jackson, G. T., Mining methods of Alaska Qastineau Mining Co.: Am. Inst. Min. and Met. Eng. TraDS., 
1019, pp. 1547-1570. 
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12-inch grizzlies, the introduction of the old bt^mp mill into the 
flow sheet, and the rebuilding of the tube mills. The first change 
was necessary to prevent the handling of an excessive amount .of 
waste; the second to avoid overloading the ball miUs; and the third 
to correct poor construction in the tube miUs. l^illiT^g difficulties 
are gradually being overcome by these changes. 

The lode system at the AlaskarJuneau mine is cut by the Silver 
Bow fault, which strikes about east and offsets the ore body hori- 
zontally 1,000 feet, dividing it into a north and a south ore body. 
The ore between these two ore bodies lying along the fault is in the 
nature of fault-plane drag and is irregular in distribution. Present 
operations are being devoted mainly to cleaning up the old 400 stope, 
between the two main ore bodies, and to active development of the 
north ore body. The main haulage timnel on the north ore body has 
been extended within 250 feet of the boundaries of the Alaska-Ebner 
property, and the 420 stope is being actively opened. It is planned 
to open a 430 stope and successive stopes to the northwest along the 
north ore body to the limits of the property. In addition, a main 
haulage way and three level tunnels have been driven in the south 
ore body, which will ultimately be developed as extensively as the 
north ore body. The ore mined in 1919 was taken in about equal 
amoimts from the 400 and 410 stopes. 

ALASKA-EBXER MINE. 

After a period of mactivity of about a year, development work 
was resumed at the Alaska-Ebner mine of the United States Smelt- 
ing & Refining Co., near Jimeau, in the smnmer of 1919. A main 
tunnel running 3,200 feet in a northeasterly direction, thence east- 
ward 1,400 feet, had previously been driven, intersecting the ore 
body. The present development work consists in the continuation 
of the main timnel northeastward from the 3,200-foot point, with 
the intention of intersecting the ore body farther northwest. 

JUALIN MINE. 

Development work was continued at the Jualin mine, in the 
Bemers Bay district, owned by the Jualin-Alaska Mines Co., but no 
ore was produced. Fifty-five men were employed — 40 at the lower 
camp and 15 at the upper camp. At the lower camp work was con- 
tinued on the 7,000-foot tunnel, which when completed will inter- 
sect the ore body at depth and will afford natural drainage for the 
mine. This timnel is now being driven by three shifts operating two 
drills, advancing about 15 feet a day, and in September, 1919, had 
been driven 2,500 feet. If conditions are favorable, the tunnel 
should be completed by 1921. 
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The mine, at the* upper camp, was pmnped dry in 1919, after 
being flooded for a year and a half, and development and exploration 
work was continued; A short drift was driven on the 310-foot level, 
and several other drifts and crosscuts were expected to be completed 
before 1920. Exploration wa^ carried on chiefly by means of two 
long drill holes. The first of these started from the southwest side 
of the property, on the 310-foot level, wid was driven horizontally 
1,000 feet to ^e southwest; the second, beginning at the east side 
of the mine, likewise from the 310-foot level, had been driven hori- 
zontally a little north of east about 1,250 feet in September and was 
to be continued to 1,500 feet. A third drill hole is planned, whiob. 
will start from the northwest side of the mine and be driven wast 
with a dip of 18® a minimum distance of 1,000 feet. In the low^r 
tunnel drill holes will be driven every 500 feet at right angles to t 
tunnel on both sides to the limits of the property. 

The mine is now well equipped for development and mining oper 
tions. A horse tram connects the wharf at Bemers Bay with t 
lower and upper camps, and all three are connected by telephone, 
wireless plant also affords conununication with Juneau from tlx© 
upper camp. Power at the upper camp is developed from Johnson 
Creek, which with an 80-foot head yields 100 horsepower. Tlii^ 
water is turned back into the creek, and at the lower camp, und^* 
a head of 576 feet, 500 horsepower is developed. For use in winter, 
fom* 150-horsepower Potters semi-Diesel engines have been install^<l> 
and these are so adjusted that water may be used in conjunctic:>*^ 
with the engines when available. A 2,750 cubic foot compress <^t 
that uses 350 horsepower and will run 26 drills has also been addl^^^ 
to the equipment. The stamp mill, which has a capacity of abo'*-^*' 
30 tons a day, with two amalgamators and two concentrating tabL<3!^> 
at the upper camp, suffices for present mining operations, but pla-^*^ 
for future operations include the erection of a new mill of grea't>^=^ 
capacity and the treatment on a large scale of low-grade disser^cx*' 
nated ore, a.s well as the richer ore from the quartz veins. 

The character of the mineralization at the Jualin mine and 
number and character of the gold-quartz veins, so far as they w 
known in 1909, have been fully described l)y Knopf.^ In addit 
to the three quartz veins knowni at that time, two others lying to 
northeast, known as Nos. 4 and 5, have been discovered, 
exact significance of these veins is not definitely known, but 
present No. 4 is believed to be a different vein from Nos. 1, 2, and ^^ 
Mill practice to date has demonstrated that about 80 per cent of ■fcl*^ 
gold in the (]uartz veins is free. The remaining 20 per cent is CrOJ^' 
tained with the concentrates, which are chiefly pyrite, with some ch^^' 
copyrite and galena. 

» Knopf, Adolph, Geology of the Beraers pay region, Alaska: I'. S. Cool. Survey Bull. 446, pp. 44-47, 
1911. 
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PETERSON MINE. 

Gold-lode mining on a small scale was continued on the Prairie 
claim, at the Peterson property, near Pearl Harbor, in 1919, and 
resulted in a smaU production. Recent work has consisted in mining 
two quartz veins from an open cut, practically at the surface^ one 
about 4 feet and the other about 6 feet thick. The vein material is 
much weathered, disintegrated, and iron stained. A nimiber of 
other cropping? of vein quartz show on the property, but little explorer 
tion or development work has been done. It is certain, however, 
that a number of quartz veins are present. 

The ore is carried by horse tram to a small S-stamp mill which has 
a capacity of 1^ tons in 16 hours and is operated by water power. 
Here the ore is reduced and plated, and the concentrates are col- 
lected on a concentrating table. About 80 per cent of the gold is free 
and is recovered on the plates. The concentrates are shipped to 
Tacoma for treatment. 

MINE OF ENDICOTT-ALASKA MINING A MILLING CO. 

A low-grade copper mine is being developed by the Endicott- 
Alaska Mining & Milling Co. at William Henry Bay, on the south- 
west side of Lynn Canal, about 8 miles due west of Point St. Mary, 
at the entrance to Berners Bay. The bay is three-fourths of a mile 
long and 800 yards wide, is easy to enter, and is considered to be a 
good anchorage. Beardslee River enters at its head. 

The mining property is about a mile west of the head of the bay, 
160 feet above sea level. Development work has been in prc^ess for 
about three years, and it will soon be possible to determine the 
amount and grade of available ore. Sixteen claims are held, of 
which 11 have been surveyed for patents. 

The geology of the west side of Lynn Canal is complex and has so 
far been little studied. The strike of the rocks is roughly parallel 
to Lynn Canal, which is considered to lie along an extended fault i 

zone. Hence correlation between the rocks on the east and west ! 

sides of the canal, as no paleontologic data are at hand and the litho- i 

logic sequence is imperfect, is hardly warranted. Along the shores 
of William Henry Bay the bedrock consists of a highly contorted 
limestone, in part thin bedded and in part more massive, with which 
some slaty argillite is interbedded, considerable chert, both massive 
and banded, greenstone flows, and clastic derivatives of the green- 
stone, classifiable under the general designations greenstone tuffs and 
graywackes. One of the greenstone derivatives consists of a conglom- 
eratic rock, composed of rounded pebbles of limestone and other 
rocks embedded in and cemented by the tuffaceous material. Large 
dikes of diabase cut the stratified series of rocks. North of William 
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Hemy Bay the greenstone tuffs and related rocks are the dominant 
rocks along Lynn Canal^ continuing northwestward to the ^trance 
of ChUkat Inlet, but limestones and other sedimentary rocks are 
present a short distance inland. South of William Henry Bay the 
rocks along the coast line are chiefly sedimentary, including ar^Uite, 
slate, and limestone. It appears, therefore, that the boundary line 
between the greenstone series and the limestone-argillite rocks may 
run inland in a general northwesterly direction from William Henry 
Bay. 

The coimtry rock at the mine is in general greenstone tuff with 
interbedded lava flows, cut here and there by dikes. The tuffs and 
flows appear to be quite different in petrographic character. The 
tuffs, which in reality grade into graywacke, are greenish to greenish- 
gray rocks, of fine-grained texture and very difficult to classify in 
the hand specimen. Under the microscope they are seen to be clastic 
rocks composed mainly of angular to subangular grains of acidic 
plagioclase, chiefly albite and oligoclase-albite, in an indefinite ground- 
mass or cement of sericitic and kaolinic material. They also contain 
grains of an igneous rock, which on accoimt of the character of the 
plagioclase feldspar would be classed as sodic trachyte or albite an- 
desite. Commonly these rocks are altered and show more or less 
calcite, quartz, epidote, and chloritic and sericitic material. In 
much of the rock the feldspars and other detrrtal constituents are 
bent, fractured, and veined by secondary minerals. The interbedded 
flows, which form a minor part of the sequence at this locality, are 
difficult to distinguish in the hand specimen from the clastic rocks, 
for they are likewise greenish and aphanitic. They are somewhat 
darker in color, however, and imder the microscope are found to be 
basaltic. They are holocrystalline to somewhat glassy; are composed 
essentially of labradorite, augite (sometimes basaltic hornblende), 
and iron oxides; and are in places much altered, particularly in the 
feldspar, which has been changed to sericite. The only dike seen in 
the mine Was a fine-grained holocrystalline rock composed of biotite 
and augite, with iron oxides and apatite, joined by interstitial albite. 
This rock is a sodic augite minette. 

Along the mountain side southwest and west of the mine rocks of 
the same general character were seen. At an elevation of 1,200 feet, 
about S. 40° W. from the head of William Henry Bay, is a steep face 
of rock known as the Palisades. This rock is a fine-grained greenish- 
gray graywacke, which under magnification is seen to be composed 
of subangular to roimded grains of quartz, oligoclase-albite, and felsic 
rock, in a cement composed of epidotic, kaolinic, and sericitic material. 
Somewhat higher up, at an elevation of 1,900 feet, is a tuffaceous rock 
of the same general composition but of coarser grain and approaching 
more closely a true igneous rock in appearance, which continues up- 
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ward to a high flat on top. of the spur. To the northwest along this 
ridge the country rock changes to a series of interbedded argillite and 
limestone. 

A short distance northwest of the mine, in a little creek, tuffaceous 
graywacke of the same general character as that at the mine is exposed. 
Some of this rock shows considerable dynamic metamorphism, being 
sheared and rendered more or less schistose. One specimen was 
found to be essentially a fin^-grained quartz-mica schist, although 
mxder the microscope the original fragmental character could still 
be observed. 

The copper lode that is being developed is a vein composed chiefly 
of caldte, with considerable silica in the form of tiny veinlets of quartz 
and chalcedony. The copper ore is exclusively chalcopyrite and 
occurs with the quartz. The vein pinches and swells but probably 
averages 10 feet in thickness. The general strike is about N. 75° E. 
aad the dip 80° S., but there are many local irregularities in attitude, 
due mainly to faulting. The ore carries only small quantities of 
gold or silver and is classed as a low-grade copper ore. The mine is 
being developed on the assumption that a 2 per cent copper ore can 
be produced. 

The tunnel starts on the Bonanza No. 3 claim, cuts diagonally 
across the Endicott No. 2 claim, and enters the Endicott No. 3 claim. 
It is driven in a general southwesterly direction and intersects the 
vein 700 feet from the portal, at a point where the vein shows a 
displacement of 100 feet to the south, -due to a fault. The timnel 
follows the vein for 400 feet. Numerous small faiQts met in the 
tunnel show displacements of the vein ranging from practically 
nothing up to 10 feet and suggest step faults to take up the movement 
caused by larger displacements some distance away. At a distance 
of 1,100 feet from the portal a crosscut prospect tunnel has been 
started which will be driven northwestward, in the hope of cutting 
other veins. 

The vein that is being explored in the tunnel crops out on the 
hillside west of the mine at an elevation of 500 feet. At this point 
the vein strikes about due east, stands vertical^ and has a thickness 
of about 12 feet, with an 18-inch horse of country rock in the center. 
The vein material here also is practically all calcite with quartz 
Veinlets and chalcopyrite. A little pyrite was seen, and this has 
oxidized and caused brown staining of the vein matter, particularly 
along fractures caused by later movements in the vein. The foot- 
wall side of the vein is slickensided and grooved, showing that con- 
siderable movement has occurred. The country rock is the same as 
in the mine. It is apparent that faulting is very prevalent and is 
likely to present some troublesome difficulties in mining. 
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No other surface outcrops of this or any other veins of minhig 
importance have been found. On the ridge west of the mine, at an 
elevation of 2,300 feet, is a small calcite vein about 1 foot thick, 
which carries some quartz, chalcedony, and a little chalcopyrite, 
with secondary maladiite. This vein, which strikes N. 78^ E. and 
stands vertical, is now in part an open fissorei owing to decomposition 
and solution of the calcite. 

Water power is utilized under a head of 300 feet to ran a com- 
pressor for two drills. No reduction plant has yet been used, and 
therefore no ore has been miUed or shipped. A 30-stamp No. 3 
Austin gyratory mill, which was formerly used at the Sea Level mine, 
on Thome Arm near Ketchikan, has been purchased and will be 
installed in 1920. A combination of Wilfley tables and oil flotation 
will be used. During the summer of 1919 a dock was in process of 
construction on the southeast side of William Henry Bay, with a 
depth of 4 fathoms at its outer end at low tide. Substantial buildings 
have been erected at the head of the bay, on the west side, and a 
wagon road connecting the bay with the mine has been built. 

At the lower end of William Henry Bay, along the northwest 
shore, mineralization has occurred in the rocks at some places. The 
ore minerals consist for the most part of disseminated pyrites, but at 
one locality a deposit of sulphides, including arsenopyrite, chal- 
copyrite, and pyrite was seen in the cherty rocks. 

DOnOLAS ISLAND. 

The Ready Bullion mine, the one remaining mine of the Treadwell 
group that was not flooded by the cave-in of 1917, was operated 
during 1919 at a rate of output of about 24,000 tons a month. About 
30 men were employed at the mine, and about 25 at the mill and 
cyanide plant. The mine now has levels at 2,000, 2,200, 2,400, 2,600, 
and 2,800 feet, and the main shaft has been extended nearly to 2,900 
feet. Most of the ore being mined at present is being taken from the 
four stopes of the 2,200-foot level, but some is being drawn from the 
2,400-foot level. The latest work is the cutting out of three stopes 
on the 2,600-foot level, preparatory to drawing ore. 

The ore is treated at the Ready Bullion 150-stamp mill and cyanide 
plant. The ore, after being crushed to 40 mesh by the stamps, is 
conveyed to a small ball mill which reduces the first product to 200 
mesh. The oversize is separated by classifiers and returned to the 
ball mill. The 200-mesh product is conveyed to the cyanide plant, 
where it is cyanided, washed, filtered, dried, and retorted. 

The Treadwell Co. is now operating a 2-ton electric furnace for 
making steel for its own use in steel castings. Scrap iron collected 
around the plant has so far been utilized as the raw product, but 
considerable hematite purchased in Seattle has also been used as a 
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decarbonizer. The carbon content of the steel is reduced to 0.3 to 
0.5 per cent. The other necessary ingredients, including ferrosilicon, 
chrome^ manganese, and aluminum (used as deoxidizer), are also 
purchased. Local magnetites from Haines and Port Snettisham 
have been tried in place of hematite, but they require too high tem- 
perature and too much coke. Both these magnetites have been 
found to contain considerable TiO,, and that from Port Snettisham 
carries some PsOg. A few iron and brass castings have also been 
made. 

ADHIBALTY ISULND (FUNTE& BAY). 
GENERAL FEATURES. 

Funter Bay, on Admiralty Island, is a well-known harbor on the 
east side of Lynn Canal, practically at the junction of Lynn Canal, 
Chatham Strait, and Icy Strait. It is a safe and convenient anchor- 
age, and on account of the frequency of stormy weather on Lyim 
Canal and Chatham Strait it is much visited by small boats. The 
bay has a general northeasterly trend and is about 2 miles long and 
three-fourths of a mile wide at the entrance. A cannery and a post 
office (Ftmter) have been established on a point on the north side 
of the bay. . Funter Bay is but 18 miles from Juneau in an air line, 
but 50 miles or more by water. 

The shore line of Funter Bay is in general a cliff that rises 20 feet 
or more above sea level and is bordered by a low-terraced platform 
which rises gradually to the hills behind. On the northeast side of 
the bay this platform connects with low hills, but on the southeast 
side the lowland area gives way to high mountains that rise abruptly 
to an elevation of nearly 4,000 feet. Both lowlands and mountains 
are timbered, the mountains up to an elevation of about 2,500 feet. 

The lode properties lie chiefly along the southeast side of the bay, 
beginning at the shore line and extending up into the high hills. 
Gold-quartz veins were discovered at this locality in 1887, and a num- 
ber of properties have been held since that time. Many quartz veins 
have been discovered and a good deal of prospecting has been done, 
but as yet there has been little mining. At the present time develop- 
ment work is being done on the claims of the Admiralty-Alaska Gold 
Mning Co. and prospecting is being continued on the Nowell-Otter- 
8on group of claims. The former embrace two groups of claims, a 
lower and an upper group, about midway of the bay on the southeast 
side; the latter adjoin these claims on the southwest. A good-sized 
stream, Moimtain Creek, lies between the two properties. The gen- 
eral position of these two groups of claims is shown on the accom- 
panying map (PL IV). 

The claims, particularly those of the Admiralty-Alaska Gold Min- 
ing Co., have been examined a number of times by different members 

7230<»— 21— Bull. 714 8 
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of the Geological Survey, and two reports * have been prepared and 
published. No extensive study of the regional geology has so far 
been attempted, but the different quartz veins have been fairly well 
described. The present notes are only supplementary to the earlier 
reports. 

The general geology has been briefly described by Eakin * as fol- 
lows: 

The rocks of the Funter Bay district include a highly altered bedded Boriee, domi- 
nantly greenstone schist and subordinately limestone or marble, and a few small dikes 
of diabase, andesite, and diorite, which cut the bedded rocks at wide intervals. The 
schistose cleavage of the metamorphic rocks is generally parallel with the bedding 
planes. Locally intense crumpling and close folding on a small scale are apparent, 
but in general the bedded roc^ps lie in broad and gentle folds. Over consideiable 
areas both schistosity and bedding are near the horizontal. Joint systems on both 
laige and small scales cut the bedded rocks at high, angles with the schistosity and 
bedding or near the vertical. The major joint planes in places persist for hundredB 
and even for a thousand feet or more with great regularity in strike and dip. Sudi 
laige fractiu'ee were probably accompanied by some differential movement between 
the blocks which they separate, but there is no definite indication of the maximum 
displacement. These planes are generally marked by quartz veins, which range in 
' thickness, in the different individuals observed, from mere films to nearly 60 fe^ 
At one locality four approximately parallel veins were measured in a section 330 feet 
across, whose thickness aggregated 90 feet. Obviously the introduction of this amount 
of quartz in a narrow section involved displacement of masses of the rock. T-shaped 
and L-shaped bends in some of the veins indicate differential movements amounting 
at least to the thickness of the veins. Other veins, which gradually thin out to their 
ends, do not have this significance. Faults later than the veins and offsetting them 
occur only here and there, according to present evidence. 

The mctamorphism of the bedded rocks is for the most part of regional character and 
of earlier age than the igneous dik^s or the quartz veins, which are unsheared. Later 
metamorphic agencies have affecteil the bedded rocks lo<'ally, adjacent to the quartz 
veins, resulting in silicificatiou and bleaching of the greenstone schists, accompanied 
by the introduction of sulphide minerals and in places of gold. Such minerals also 
occur in bands of greenstone schist ^vithout asaociateil quartz veins at two localities, 
but they are not believed to represent a distinct period of mineralization. 

The schists of the Funter Bay area, grouped by Eakiu under the 
general designation of greenstone schist, consist of a variety of rock 
types, including chlorite schist, mica schist, quartz-chlorite schist, 
quartz-chlorite-mica schist, zoisite-chlorite scliist, albite-zoisite schist, 
albite-chlorite schist, and albiti^-mica schist, as well as nonschistos© 
blocky rocks of the same general character, usually carrjnng little mica. 
Among the metamorphic rocks are also to be found gneissoid rocks, 
including albite granite gneiss and albite syenite gneiss. Normal 
dioritic or andesitic rocks were not observed by the wTiter, but a 
variety of other dike rocks containing plagioclase high in soda were 
recognized. These are chiefly albite granite, albite syenite (or albite 
dioriUO, and albit<> trachyte. One dike of olivine diabase was noted. 

• Wright, C. W., A reconnaissance of Admiralty Island: U. 8. Geol. Survey Bull. 2S7, pp. 147-150, 190^ 
Eakio, H. M., Lode mining in the Juneau gold belt: U. S. Geol. Survey Bull. 662, pp. S4-92, 1918. 
^ Eakin, R. M., op. cit., pp. 84-85. 
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The above is by no means an exhaustive list of the different varie- 
ties of rocks found at Funter Bay but is given chiefly to illustrate a 
feature of these rocks that has been generally overlooked, namely, 
their sodic character. All the acidic and intermediate types of intru- 
sive rocks examined by the writer contain albite or oligoclase-albite 
plagioclase feldspar, and albite is also of common occurrence among 
the schists and gneisses. This feature is of more than passing interest 
when considered in relation to the sodic character of the intrusive 
rock at the Treadwell mines, on Douglas Island, about 15 miles to 
the east.* It is not unlikely that mineralization at these two locali- 
ties took place at the same general period and had a similar origin. 

CLAIMS OF ADMIRALTY-ALASKA GOLD MINING CO. 

The Admiralty-Alaska Grold Mining Co. holds 52 claims, of which 
the principal ones are shown on the accompanying sketch map (PL 
IV). These claims lie in two groups, a lower group on the low terrace 
leading back from the beach, and an upper group on the mountain 
slope to the southeast. In the lower group the principal lodes are 
the Tellmium, King Bee, Uncle Sam, and Lone Star; a number of 
smaller veins also occur. The upper group includes a large number 
of veins, among the most valuable of which are the Blanket lode, the 
veins on the several Heckler claims, including the Big lode and the 
Washington lode, the Devil Club lode, and the Patterson lode. Both 
the lower and the upper veins have been described adequately by 
Eakin, and no new work has been done on their surface outcrops in 
the meanwhile. 

A tunnel is now being driven from the end of the tram line to pros- 
pect the quartz veins of the upper group. This tunnel starts about 
a mile from the beach, at an elevation of about 260 feet, and is being 
driven S. 65° E. with the intention of crosscutting at depth tlie veins 
on the Lowhce No. 2, Mountain Kink, Pungle Up, Washington, and^ 
Heckler claims. Work was begun on this tunnel in the fall of 1918, 
and by midsummer of 1919 it had been driven about 800 feet. One 
drill is being used. 

A compressor plant, with a capacity of 12 drills, has recently been 
installed. Water power under a head of 500 feet, delivered to the 
compressor in a 6-inch stream, is utilized. A sawmill has also been 
built. From 5 to 15 men were employed during the simimer of 1919. 

The tunnel is driven in a greenstone schist, which differs in char- 
acter in different parts of the tunnel. At the face in 1919, about 
800 feet from the portal, it consists of a recrystallized rock, some- 
what schistose in appearance, composed essentially of a mixture of 
zoisite and chloritic material, chiefly pennine, together with con- 
siderable quartz and some pistacite and titanite, and would be des- 
ignated a zoisite-chlorite schist. The dip of the schist in the tunnel 
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is in general away from the beach. About 400 feet from the portal 
a small ore body consisting of a sheared mixture of quartz and schist, 
with about 8 inches of milky quartz on the hanging wall, was inter- 
sected. This vein and its accompanying zone of shearing is paraQei 
with the cleavage of the schist. The sulphide minerals include 
pyrite, pyrrhotite, and a little chalcopyrite. The hanging wall was 
found to be a fine-grained igneous rock, with a pronounced flow 
structure, composed essentially of unaltered oligodase-albite in tiny 
laths, forming a felty trachytic groundmass, and an interstitial 
filling of chloritic material, derived probably in part from T<Sck glass. 
Some larger laths or phenociysts of oligoclase-albite are partly 
altered to epidote and calcite. Secondary quartz, epidote, and cal- 
cite are present. This hanging-wall rock is a sodic trachyte. 

No other quartz veins of any importance have so far been crosscut, 
but it is planned to continue the tunnel until the Heckler Blanket 
lode, the Big lode, and other veins that crop out on the Heckler 
group of claims are intersected. No accurate base map of the prop- 
erty has been made, but it is estimated roughly by the writer that 
a 2,000-foot tunnel will be required to reach the Heckler Blanket 
vein, if the strike and dip shown at the outcrop continue below the 
surface to the level of the tunnel. The strike and dip of the Big 
lode are not sufficiently well known, owing to the lack of stripping 
at the outcrop, to justify a guess as to how far the tunnel will have 
to go to cut this large body of quartz. The vein crops out farther 
southeast than the Heckler Blanket vein, but the dip may be lower, 
thus partly or wholly compensating for the greater surface distance. 

NOWELL-OTTTERSON CLAIMS. 

The Nowell-Otterson group of claims lies southeast of the prop- 
erty of 'the Admiralty-Alaska Gold Mining Co. and includes 19 claims 
stretching from Funter Bay to the top of the mountain to the south- 
east. The general position of these claims is indicated on the accom- 
panying sketch map (PI. IV). A good trail has been built from the 
bay to the top of the moimtain, making these claims easy of access. 

On the Winona claim, at an elevation of 675 feet, a tunnel 64 feet 
long has been driven on two quartz seams, which strike about N. 
55° E., conformably with the country rock, and dip southeast. The 
upper of these seams is fairly persistent and ranges from 6 to 24 
inches in thickness; the lower seam is lenticular and discontinuous. 
The footwall is graphitic chlorite schist, and the hanging wall a 
quartz-mica schist. The quartz is iron stained and carries stringers 
of country rock. Some pyrite and pyrrhotite were seen in the quartz. 

On the Chatham claim, at an elevation of 1,050 feet, a timnel has 
been driven 200 feet and crosscuts four thin quartz seams, from 2 to 
4 inches wido; which strike N. 45^ E. and dip 45° NW., thus cutting 
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almost directly across the structure of the country rock, a quartz- 
mica schist. The quartz carries pyrite, pyrrhotite, and gold. 

To the east of the tunnel, on a small creek, several small quartz 
veins of similar character are exposed. A small shipment of ore 
(about 5 tons) from one of these veins, which ranges in thickness 
from 8 inches to 2 feet, was valued at $120 a ton, and a second sample 
at a later date ran $80 to the ton. At least 10 such small veins, most 
of them measurable in inches, are exposed in the creek. The quartz 
carries pyrite, pyrrhotite, and in places a little galena, in addition to 
the gold. 

The vein of most interest on the Nowell-Otterson group is the Big 
Thing lode, which crops out on the line between the Francis and O. K. 
clauns at an elevation of 3,100 feet and has been traced 800 feet to 
the north and over 1,500 feet to the south. The vein, which strikes 
about N. 20° W. and dips steeply to the east, lies parallel with the 
schistosity of the country rock. The hanging wall is a chlorite schist 
composed of chloritic material, quartz, calcite, and epidote. The 
footwall is a graphitic schist. On the line between the O. K. and 
Francis claims about 20 feet of quartz is exposed, with a horse of 
schist in the center of the vein. The quartz is heavily iron stained 
and is mineralized by iron sulphides (pyrite and pyrrhotite), galena, 
and hematite. It is characteristic of these sulphides to be concen- 
trated in pockety masses in the quartz. The owners aver that the 
average of assays so far made is about $5 to the ton in gold. 

On the Two Shaft claim, about 1,800 feet north of the outcrop 
just described, at an elevation of about 3,050 feet, a vein of quartz 
from 15 to 25 feet thick crops out and is believed to be the continua- 
tion of the Big Thing lode. The country rock here is a quartz-mica 
schist, and the vein strikes about N. 15° W. and dips steeply to the 
east, as at the other locality. The quartz is of the same general 
character as the quartz above described, but more galena is present, 
and some chalcopyrite was also seen. A good deal of free gold may 
be seen with the naked eye, and it is apparent that some of this mate- 
rial is high-grade ore. 

Another vein, distinct from the Big Thing lode, also crops out on 
the Two Shaft claim, some distance west of the one just described, 
at an elevatit)n of about 2,750 feet. This is a smaller vein of quartz, 
about 30 inches thick, striking N. 20® W. and dipping steeply to the 
east, which lies comfortably with the schist and is heavily impreg- 
nated with sulphides. The quartz where unaffected by the mineral- 
izing solutions is white and milky, but elsewhere it is heavily iron 
stamed. Pyrite, galena, chalcopyrite, and specular hematite are 
^ound with the quartz. Green malachite staining and to a lesser 
extent blue azurite discoloration are apparent. An irregular body of 
calcite cuts transversely through the vein and appears to represent 
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a later phase in the sequence of mineral depositicm. lliis vein 
carries very little gold but is reported by the owners to give high 
assay results in silver and lead. 

A number of other quartz veins crop out on this mountain in the 
vicinity of the O. K., Two Shaft, and Summit claims, but little 
prospecting has been done on them, and therefore little b known of 
their character and extent. 

KirrCKEKAN DISTRICT. 
PBIMOB OF WAIAS I8I«AND. 

8HAKAN MOLTBDENrrE LODE. 

A molybdenite lode was opened in 1917 by the Alaska Treadwell 
Mining Co., and development work has continued to the present timei 
although no ore has yet been shipped. This lode is about three- 
fourths of a mile south of Shakan, at an elevation of 600 feet, at the 
north end of Prince of Wales Island, on the east side of a small 
stream that enters Shakan Bay. 

The country rock consists of tuffaceous sediments intruded by 
diorite. The lode is in diorite, which varies somewhat in character 
and composition but in general is composed of zonally grown plagio- 
clase feldspar, ranging from albite on the rims to bytownite in the 
centers of the crystals, and with an average composition perhaps of 
andesine; a small amount of orthoclase; considerable hornblende; 
and biotite, augite, iron oxides, and apatite. Being composed 
essentially of plagioclase feldspar and hornblende, this rock is classed 
as a hornblende diorite. Pegmatite is present in dikes and veins 
cutting the diorite and is in fact related genetically to the molyb* 
denite in the lode. The pegmatite is composed essentially of 
orthoclase feldspar and quartz, with accessory sphene and small 
amounts of secondary sericite, chlorite, and epidote. 

The vein at its maximum is 6 feet thick, with a strong, clean- 
breaking hanging wall and an indistinct f ootwall. It varies consider- 
ably in strike and dip, as is shown by the crookedness of the main 
tunnel which follows the vein. The average strike is about N. 70® 
W. and the dip ranges from 10^ to 25° S. Considerable faulting is 
apparent, particularly along the hanging wall, where in places the 
vein matter for 6 inches or more has been reduced to a fault gouge. 
Some of the best of the ore has been taken from this zone along the 
hanging wall. The gangue of the vein is partly quartz and partly 
pegmatitic material, and these two appear to grade into one another, 
indicating that at least a part of the quartz is of primary origin. 
The sulphide minerals in the gangue include molybdenite, pyrite, 
pyrrhotite, and chaJcopyrite. The molybdenite is in some places 
scattered through the quartz and pegmatite and in others more or 
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less concentrated, particularly in the gouge zone. Pyrite and 
chalcopyrite are distributed throughout the gangue, but pyrrhotite 
is most often found in pockets or kidneys. The paragenesis of the 
sulphide minerals has not been deciphered. 

A tunnel, now driven 360 feet, is the main undergroimd develop- 
ment work. At 250 and 300 feet from the portal cross faults were 
met, the first striking N. 10° E. and the second N. 10** W., with 
offsets at both places. The molybdenite content of the vein becomes 
very low beyond the 300-foot point in the tunnel, and at this point 
the direction of the tunnel was changed to one somewhat south of 
the strike on the working hypothesis that the true vein at the 300- 
foot point has been replaced through faulting by a barren quartz 
vein. It is equally possible, however, that a molybdenite ore shoot 
in the vein has been terminated by the fault, and that the vein 
exposed beyond the fault is a barren zone of the same vein. In this 
event, further drifting on the vein or sinking an inclined shaft down 
the dip will afford the greater chance of discovering ore. 

A tramway has been constructed from the portal of the tunnel 
across the small stream above mentioned and down the opposite 
side of the valley to tidewater. A small dock has also been built. 
All the mining has so far been done by hand, but in September, 1919, 
a compressor plant was at the dock awaiting installation. Six men, 
working in two shifts, were at work at the time of the writer's visit. 

RUSH A BROWN MINE. 

The Rush & Brown mine, about half a mile west of Lake EUen, 
at the head of Kasaan Bay, was the only copper mine in southeastern 
Alaska that was operated in 1919. The property includes two ore 
bodies that have been developed to a productive basis and a number 
of others that have not been explored. The larger of the two pro- 
ductive ore bodies is a contact-metamorphic deposit of copper- 
bearing magnetite, and the, smaller a fault-zone deposit, with chal- 
copyrite as the chief sulphide. The former is of too low a grade to be 
worked at the present price of copper; but the latter carries a higher 
grade of copper ore and also considerable gold and silver, and in 
recent years mining has been confined to this deposit. Eight men 
were employed in the mine in 1919, and several others at the surface. 

The contact-metamorphic deposit lies in contact rock between 
diorite and graywacke, trends about due east, and stands practically 
vertical, plunging perhaps at a high angle to the north. The ore 
has been exposed in a glory hole and numerous drifts from it to a 
depth of 140 feet, for a distance of about 200 feet, and shows a width 
ranging from 50 feet at the west end to 125 feet at the east end. The 
deposit, however, is irregular in outline and variable in ore content, 
owing to the inclusions of numerous horses of country rock. Both 
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ore zone, however, or the zone within which the discovery of ore 
shooto may be expected, is believed to be at least 250 feet wide and 
is thought to extend in a direction about N. 75*^ W. 

This deposit, unlike most of the other commercial ore deposits of 
Easaan Peninsula, occurs in an area of coarse-grained intrusive rock, 
which haa been mapped by Wright* under the general designation 
granitic intrusives. Such intrusive rocks invade the Paleozoic 
sedimentary rocks of Kasaan Peninsula at many localities, occurring 
as small and lai^e bodies of varying petrographic character. The 
normal type of these rocks is a diorite, low in quartz and orthodase, 
but numerous other fades have been evolved by magnetic differenti- 
ation. In the addic differentiates low potassium and hi^ soda 
content expresses itself through the formation of sodic granite and 
syenite, the chief f ddspar of which is albite, in place of orthoclase, the 
normal type in such rocks. Much diversification is apparent among 
the basic types of differentiated rocks, although few of these have 
been described in any detail. This differentiation is well illustrated 
at the Salt Chuck mine, where the country rock is in general a pyrox- 
enite, with gabbroic and gabbro-pegmatitic phases. Wright referred 
to the country rock at the Salt Chuck mine as a gabbro, but in his 
petrographic description he showed clearly that the plagiodase feld- 
spar constitutes only from 5 to 10 per cent of the rock. It seems 
better, therefore, to designate the intrusive rock at the mine pyroxe- 
nite, remembering, however, the gradual transition to the true 
gabbroic intrusives in this vicinity. The chief rock-forming mineral 
is augite, and the subordinate constituents are biotite, iron oxides, 
plagiodase, apatite, and titanite, though not all of these are invariably 
present in any one specimen. Biotite in particular is variable in 
distribution, and much of it occurs as large splendent crystals. The 
pyroxene and plagiodase are in places much altered, the alternation 
resulting in the development of rocks rich in epidote and in chloride 
and sericitic material. 

The ore minerals consist of copper sulphides, distributed in grains 
and small patches as ore shoots in the pyroxenite. Bomite is the 
chief copper mineral, but a small proportion of chalcopyrite also 
occiu^ locally. Chalcocite and covellite are both present, as alteration 
products of the bomite and also of the chalcopyrite. Finely dis- 
seminated chalcocite and native copper have been reported by Knopf • 
as occurring in some drifts about halfway between the upper and 
lower tunnels, leading from a connecting winze. Practically no 
gangue minerals are found with the ore. In addition to copper, 
gold, silver, palladium, and platinum are recovered. 

• Wright, C. W., Oeology and ore deposits of Copper Mountain and Kasaan Peninaula, Alaska: U. S. <^^ 
Survey Prof. Paper 87, p. 73, 1915. 

• Knopf, Adolph, HinLog in soatlieastem Alaska, 1910: U. S. Qeol. Surrey Boll. 480, p. 101, 1811. 
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The metallic content of the Salt Chuck ores was shown in a table 
of analyses by Campbell/ and this table, with the addition of three 
determinations of concentrates, is giyen below. 

MetaUie content of Salt Chuck ores, 
(Copper in per cent; other metals in ounces to the ton.] 





Copper. 

1 


Gold. 


Sllrer. 


Ptoti- 
nom. 


Pallap 
dlum. 


Oloryhole 


1.92 
1.08 
1.38 


0.07 
.07 
.05 


0.17 
.24 
.24 


0.41 


UO-foot level 


.18 


Bottom of winie . > 


.17 






•A.venMe of ore analvaes 


1.427 


.063 


.217 


.253 






Gebbfo 


.06 
27.60 


.01 
.11 


.10 
2.08 


.01 


Chftloonyrite. . x. .,«x. . .,. . 


1.01 






Caoooitrates • 


43.81 
36.96 


1.17 
1.27 


4.60 
6.10 


3.&4 


Coneentrates (Eng. and Mln. Jour., Sept. 27, 1919) . . . 
Concentrates 


0.10 
.04 
.04 


2.93 
2.56 


OoQoentrates 


39.41 


"" 1.20 


5.18 


8.38 






Average of concentrates 


40.06 


1.213 


5.293 


8.147 









Prom these data it is possible to estimate the percentage recovery 
of the precious metals in the concentrates. If the concentrates 
average 40.06 per cent of copper each ton hi concentrate will contain 
801.2 pounds of copper. Then, as the average copper content of the 
ore is 1 .427 per cent, each ton of ore contains 28.54 pounds of copper ; 
and the number of tons of ore used to produce 1 ton of concentrates, 
on the assumption of a copper recovery of 100 per cent, would be 
801 .2 -^ 28.54 = 28.07 tons. The recovery of gold, silver, and platinum 
metals in ounces per ton is obtained by dividing their respective fig- 
ures in the '^average of concentrates" by 28.07; and the ratio of the 
resulting quantities to the corresponding quantities given in the 
'^average of ore analyses" yields the percentage of recovery for the 
precious metals in terms of the assumed 100 per cent recovery of 
copper — that is, gold 68 per cent, silver 87 per cent, and platinum 
metals 44 per cent. The exact percentages of precious metals re- 
covered are obtained by multiplying these computed percentages by 
the true recovery of copper. 

On reducing the copper percentage to troy ounces per ton and 
comparing the result with the %ures for the precious metals, it ap- 
pears that the ratio of the copper to the gold, silver, and platinum 
metals is 6,607, 1 ,91 8, and 1 ,645 to 1 respectively, and that the ratio of 
the gold to the silver and platinum metals is roughly 1 to 3 and 4 
respectively. Of course, an average of three assays affords no basis 
for any exact deductions, but nevertheless these figures are useful 
in giving a general idea of the occurrence of these metals. 

■~ M , 1^ _Ji ^■.M ■ ■ L ■ M ■ I ■ ' ■ ' ^ - - ■-_■ ^ __, . 

' CampbeU, D. Q., PaUadium in Alaska lode deposits: Min. and Sd. Press, vol. 119, pp. 520-522, 1919. 
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A little free gold may be seen in some of the ore, but the disparity 
between the recovery of gold and the recovery of platinum metals 
leads to the belief that a considerable part of the gold is chemically 
combined or mechanically held with sulphides. The high content 
of silver relative to gold indicates an additional source of silver 
besides that alloyed with gold, and the high silver recovery indicates 
that the silver is present as some silver or copper-silver mineral, 
probably a sulphide or sulpho-ealt, which is highly adapted to the 
flotation process. Possibly it occurs in both these forms. The 
high content but low recovery of platinum metals, when considered 
in the light of the known relationship between copper and platinum 
metals in these ores, indicates that the larger part of the platinum 
metals are held mechanically by the copper minerals and are liberated 
in the ball mill. The ratio of palladium to platinum appears to vary 
considerably but is believed to average about 50 to 1. 

The analysis of the chalcopyrite is also of some interest. Gold, 
silver, and platinum metals are found in the chaloopyrite, and al- 
though this fact does not permit any inferences as to the state of 
existence of the precious metals, it serves partly to corroborate the 
nfluenoes above drawn. The ratio of gold to silver to platinum 
metals in the chalcopyrite is about 1 to 19 to 9, whereas in the average 
of ore analyses it is 1 to 3 to 4. The higher ratio of silver to gold in 
the chalcopyrite analysis is probably due in part to the lower con- 
tent of gold in the chalcopyrite than in average ores, owing to the 
presence of a certain percentage of free gold in the coimtry rock; 
but probably it is due more largely to the higher content of silver in 
the chalcopyrite, as a result of the presence of intergrown silver or 
coppernsilver sulphides. The higher ratio of platinum metals to 
gold in the chalcopyrite analysis is interpreted as evidence that 
more of the platinum metals are associated with the copper minerals 
than occur free in the country rock, thus corroborating the relation- 
ship that appears to exist between the copper and platinum metals 
in the mine. The analyses above given show from 0.13 to 0.21 
ounce of platinum metals to the ton for each 1 per cent of copper ; 
the lower figure is more probably representative of the average. 

The mode of formation of this deposit and the distribution of the 
ore present some puzzling features. The country rock, though 
mainly pyroxenite, shows gabbroic and gabbro-pegmatitic phases, 
and at the west end of the glory hole a basic dike 4 feet thick cuts the 
P3rroxenit6. Considerable epidote also occiurs, in part replacing the 
minerals of the country rock and in part as traversing veinlets. The 
ore is evidently later than the dike, for a bomite-chalcopyrite ore 
shoot cuts directly across the dike. The coimtry rock is much frac- 
tured, but there is no particular system to the fractures, and no 
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large displacements. The general trend of the zone of the fractured 
and faulted rock, however, is believed to be about N. 75° W. 

At first sight the bornite and chalcopyrite may be regarded as ores 
segregated from the gabbro mass. The copper minerals do not ap- 
pear to follow the larger fracture planes to the extent that might be 
expected in an ore deposited from circulating waters. The ore occurs 
in shoots, which appear more or less independent of the rock frac- 
tores, and the bornite is found as disseminated particles within these 
shoots, some of it in massive country rock at some distance from any 
apparent openings. Also, free gold was observed which had been 
drawn out and elongated by faulting subsequent to its deposition, 
showing that at least some of the fracturing movements occurred 
after the deposition of the ore. On the other hand, some of the'copper 
ore, particularly the chalcopyrite, lies along the fractures in such a 
manner as to show clearly that it entered the rocks and was deposited 
subsequent to the fracturing. Moreover, where the bornite occurs 
in massive, unfractured pyroxenite, the rock-forming minerals of the 
pyroxenite are noticeably altered, chiefly to epidote, with less chlo- 
ritic material; and the degree of this alteration appears to be a func- 
tion of the amoulit of ore present. Finally, the texture of the ore as 
seen under the microscope belies the appearance of primary character 
which is seen in hand specimens. The country rock contains many 
minute cracks, adequate for circulating ore solutions, and the ore 
itself shows that it has entered the rock in this manner and replaced 
the rock minerals. Hence, though all the details of the ore deposition 
can not be explained, it seems certain that this is at least an epigenetic 
deposit — that is, it was formed later than the containing country 
rock. 

The presence of chaJcocite, covellite, and native copper point 
unmistakably to enrichment, due to the action of meteoric waters 
working downward from the surface. The chalcocite and native 
copper observed by Knopf ■ were at a depth of about 200 feet below 
the surface and shows that enrichment has occurred at least to this 
depth. This is rather remarkable for southeastern Alaska, for it has 
generally been behoved that in that region the recent glaciation had 
removed the zone of oxidation and practically all of the secondary 
sulphide zone. It would be of interest to know whether this super- 
gene enrichment is a remnant representing a preglacial secondary 
sulphide zone, or whether it has occurred in postglacial time. In 
either case the theoretical conclusion is that the ore will be found to 
become leaner with depth, but it is doubtful if this feature will prove 
of much economic importance, as the percentage of secondary sul- 
phides appears to be relatively small. 

* Knopf, Adolpb, Mining in soutlMasUrn Alaska, 1010: U. 8. OmI. Survey Bull. 480, p. 101» 1011. 
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The Salt Chuck ore deposit has been developed at the surface by a 
small glory hole and an open cut almost adjoining it on the east, and 
undergroimd by a tunnel 300 feet long which at its face opens upward 
through a stope into the glory hole. Near the face of this tunnel a 
winze has been sunk 200 feet, connecting with a new lower tunnel, 
and the winze has been continued upward as a raise for 90 feet. A 
tram 2,200 feet long has heretofore been used to transport ore from 
the mine to the mill. The new lower tunnel, 1,225 feet long, has now 
been completed and will be used as the main oreway. 

Ore is now being taken from the stope that connects the upper 
tunnel with the glory hole. One of the difficulties of mining opera- 
tions at this property is the irregular distribution of ore stopes. 
There are practically no data on which to base prospecting, for there 
is no vein or well-defined shear zone, and the stopes occur seemingly 
at random. There is a limit to the mineralized zone, which probably 
coincides with the limit of the faulted and fractured area of peridotite, 
but this is neither sufficiently definite nor sufficiently circumscribed 
to be of value in laying out the mine. That such a limit exists is 
shown in the new lower timnel, which is 1,225 feet long and in which 
no ore was seen until the tunnel had been driven 990 feet. The 
horizontal sequence in this tunnel from the portal inward is as follows: 

Sequence in lower tunnel of Salt Chuck mine. 

Barren country rock 990 

Zone of diflseminated bomite 15 

Barren country rock 15 

Zone of diaseminated bomite 30 

Barren country rock 170 

Zone of diffieminated ore, chiefly chalcopyrite, subordinately bomite 5 

It is not known in what manner the ore zones shown are cut by the 
tunnel, and the thicknesses given, therefore, may or may not repre^ 
sent true cross sections of the shoots. 

The ore is reduced in a concentration and flotation plant on the 
property. Power for the mill and mine is generated partly by water 
and partly by means of a 75-horsepower Fairbanks-Morse semi- 
Diesel engine. Water is taken from a 31 -acre lake and delivered to 
the wheels in a 10-inch stream, under a head of 179 feet; and when 
the supply is adequate, 220 horsepower is generated by this means. 
The supply of water, however, is usually inadequate, and the engine 
has to be run much of the time. This constitutes one serious handi- 
cap to economical mining. 

Ore is delivered at the mill into a 175-ton storage bin, from which it 
goes through two sets of jaw crushers and is reduced to about 2-inch 
size. This material is then dumped into a 75-ton bin, whence it is 
fed automatically to a Worthington ball mill, with a rated capacity 
of 60 tons in 24 hours. Final grinding is at present accomplished by 
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this operation, but the ball mill is overtaxed, and it is planned to in- 
troduce rolls between the crushers and the ball mill, reducing the 
product to IJ-inch size before delivery to the mill. This will be a 
great improvement. The pulp from the ball mill goes to a classifier, 
from which the oversize is conveyed back by a scraper belt to a 
trommel, while the fines flow off and are raised by a bucket elevator 
belt to the flotation cells. The oversize from the trommel goes back 
to the ball mill, and the undersize to a Biester-Overstrong concentrat- 
ing table. The flotation plant consists of fivp cells, in which are used 
mixtures of oil of pine, pine tar, creosote, and coal tar. About 90 
per cent of the ore is caught in the first two cells. From these the 
concentrate goes to Callow cones, where it is largely dewatered. Final 
drying is accomplished in filter presses, where the moisture is drawn 
off by compressed-air suction. A shipping product containing only 
10 per cent of moisture is said to be produced. 

DUNTON MINE. 

The Dtmton mine, the property of the Dimton Gold Mining Co., 
is on Hands Creek about 2 miles from the post office of Hollis, at the 
upper limit of high tide. Harris Creek is navigable for small boats 
at high tide up to the mine. This property lies at the south end of a 
zone of mineralization, which extends somewhat east of north for 
4 or 5 miles, reaching some distance north of May-be-so Creek. The 
Dunion property includes two claims along this mineralized zone. 

The country rock in this vicinity, according to Chapin,' consists 
of **a complex assemblage of igneous and sedimentary rocks. Tbe 
bedded rocks include tuff, breccia, schist, limestone, black slate, 
ai^llite, and graywacke and are cut by a large boss of quartz diorite 
and associated porphyritic dikes." The coimtry rpck at the mine 
is a graphitic slate, which ranges in strike from east to N. 30° W., 
averaging perhaps N. 30° E., and dips 12°-35° SE. The slate is 
much faulted and slickensided, but the displacements are for the 
most part parallel with the rock structure. The highly graphitic 
character of the slate is particularly evident along the slickensided 
surfaces. Fine-grained dike rocks, in places porphyritic, also intrude 
the country rock more commonly parallel with the structure of the 
slate than otherwise. 

The mineralized zone on which the Dunton mine is located extends 
about 2 miles to the northeast and then changes in trend or joins 
another zone which extends northward to May-be-so Creek. The 
northeastward-trending zone ends at the Hollis group of claims, 
and the northward-trending zone, which begins at that point, includes 
the Crackerjack and Ready BulUon lodes, to the north, although these 

* Cbftpln, Theodore, Mining developments in the Ketchikan district, 1917: U. 8. Geol. Survey Bull. 692, 
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two lodes appear to be separate veins. According to Chapin ^^ three 
veins, known as the lower, middle, and upper veins, are recognized at 
the surface in this mineralized zone. ''These are approximately 
parallel and form a lode system following intrusive porphyry dikes." 
The vein that is mined at the Dunton mine is the upper vein. A 
10-inch quartz seam lies 15 feet below this, and a barren quartz vein 

lies 150 feet lower. 

» 

The Dunton lode consists of a number of quartz stringers which 
form a mineralized zone in and conformable with the slate! The 
thickness averages about 7 feet, though increasing locally to 12 feet. 
The individual quartz stringers range in thickness from a few inches 
up to 1 or 2 feet. Much faulting has taken place parallel with the 
vein, crushing and slickensiding the ore and coxmtry rock but causing 
no apparent displacement. Dikes run parallel with 'the vein, more 
commonly on the hAngjng than on the footwall side, but here and 
there cutting across the lode. Many of these dikes are mineralized 
with pyrite, but they do not constitute minable ore. They have 
been greatly altered to secondary products, and the original petro- 
graphic character could not be inferred. The vein pitches on the 
average about 28 "" SE. 

The quartz is mineralized by auriferous pyrite, gold, and a little 
galena. Good ore occiu^ in shoots, which appear to be localized in 
parts of the vein where the dip is lowest. The ore is best where 
pyrite is most abundant. Locally the slaty country rock carries 
some gold, particularly where it is pyritized. About 75 per cent of 
the gold is free, and the concentrates consist almost wholly of pyrite. 
Taken as a whole, the quartz and mineralized country rock, which 
together form the ore, would be classed as a low-grade gold ore, but 
only ore from the richer shoots is mined. This gives a higher-grade 
ore but limits the available tonnage. 

The mine is developed by an adit 364 feet long, which follow 
down the dip of the vein. Fotu* drifts — a short one at 70 feet, 
another at 100 feet, a third at 180 feet, and the fourth at 250 feet- 
constitute the chief development work. The ore is reduced by a 
5-stamp Chalmers & Williams mill, with plates and concentrating 
table, operated by three vertical turbines generating together 90 
horsepower. The mill has a capacity of 12 tons a day. Water is 
brought from Harris Creek through a 250-foot flume and delivered 
with a head of 13 feet. 

i« Chapin, Theodore, op. dt , p. 88. 
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Compiled by J. B. Mertie, Jr. 



INTRODUCTION. 

The Salmon-Unuk River region, in southeastern Alaska, is a trapezi- 
form area of about 1,800 square miles^ lying between parallels 55^ 50' 
and Se*" 30' north latitude and meridians 129° 50' and 131'' 10' west 
longitude. The international boundary between Alaska and British 
Columbia, extending in a general nortiiwesterly direction along the 
crest of the Coast Range, delimits the area on the northeast. This 
district is adjacent to tidewater, reaching Behm Canal on the south- 
west side and Portland Canal on the southeast side. On account 
of mining activity in the vicinity of Portland Canal, the southeastern 
part is referred to by Americans as the Portland Canal district and 
by Canadians as the Portland Canal mining division. 

This portion of southeastern Alaska, along the international 
boundary and adjacent to the intrusive rocks on the Coast Range, 
has been recognized for years as favorable for the occurrence of 
mineral deposits, and in the last 22 years nimierous more or less 
promising deposits have been discovered and located. The present 
renewal of public interest in this part of Alaska and British Columbia 
is due mainly to the recent successful development of some of these 
deposits at the head of Portland Canal, on the Canadian side of the 
boundary, and the promise which such development holds forth for 
the subsequent exploitation of similar deposits that lie along this 
same zone of mineralization. 

A considerable amount of topographic and geologic work, both 
American and Canadian, has been done in this district and in the 
area adjoining it. Tlie first and most essential preliminary require- 
ment — that is, a topographic map — was prepared by the Canadian 
Boundary Commission in 1902, in connection with the accurate 
location of the international boundary; and in 1910 a topographic 
map of the Portland Canal mining area (map 50 A) was prepared 
by the Geological Survey of Canada. The later map covers mainly 
the area drained by Bear River, one of the headwater tributaries 
of Portland Canal. The accompanying base map (PL V) is com- 
piled mainly from these two sources. A new map of this area is soon 
to be issued by the International Boundary Commission. 

7230^— 21— Bull. 714 9 129 
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The principal publications by workers in the United States Geo- 
logical Survey that have a bearing on the geology and mineralization 
of the Saknon-Unuk River district are as follows^ named in chrono- 
logic order. 

Brooks, A. H., F)!eliminary report on the Ketchikan mining district, Alaska: U. & 
Geol. Survey Prof. Paper 1, 1902. 

Wright, F. £., The Unuk River mining region of Britiah Columbia: Canada GeoL 
Survey Summary Rept for 1905, Ottawa, 1906. 

Wright, F. £., and C. W., The Ketchikan and Wrangell mining districts, Alaska: 
U. S. GeoL Survey Bull. 347, 1908. 

Ghapin, Theodore, Mining developments in southeastern Alaska in 1915: U. S. 
Geoi. Survey Bull. 642, pp. 94-98, 1916. 

The Skeena and Portland Canal mining divisions include that part 
of the Salmon-Unuk River region that lies in British Columbia. 
Notes on the progress of mining in these divisions have been published 
annually for a number of years by the British Columbia Bureau ot 
Mines. The latest oi these reports dealing with the valley of Salmon 
River are as follows : 

Clothier, G. A., Portland Canal mining division: British Columbia Bur. Mines 
Ann. Kept, for 1917, pp. f68-f7S, 1918. 
Jack, P. S., Portland Canal mining division: Idem, p. f84. 
Clothier, G. A., Portland Canal mining division: Idem for 1916, pp. x8(V-k83, 1919. 

Investigations have also been carried on by the Geological Survey 
of Canada in these mining divisions, and this work is still in progress. 
Four reports have so far been published, and a fifth is in course of 
publication. The published reports are as follows: 

McConnell, R. G., Portland Canal district, British Columbia: Canada Geol. Survey 
Summary Rept. for 1909, pp. 59-89, 1910. 

McConnell, R. G., Salmon River district, British Columbia: Idem for 1911, pp. 
50-56, 1912. 

McConnell, R. G., Portland Canal district, British Columbia: Idem, pp. 56-71. 

McConnell, R. G., Portions of Portland Canal and Skeena mining divisions, Skeena 
districts, British Columbia: Canada Geol. Survey Mem. 32, 1913. 

The last named of these four publications is essentially a compila- 
tion from the three earlier summary reports. 

The present report represents no original work whatever on the part 
of the writer. It is essentially a brief compilation of the work of 
earlier American and Canadian workers, prepared to meet the de- 
mand for a statement of the available information on the area be- 
ginning at Portland Canal and extending northwestward. The only 
qualification of the writer for the preparation of such a statement is 
a general familiarity with the country gained by geologic field work 
in southeastern Alaska. The latest work by the United States Geo- 
logical Survey was done in the Portland Canal district by Theodore 
Chapin in 1915, and his report is cited above. 
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PHTSICAIi AND ECONOMIC GEOGRAPHY. 

RELIEF. 

The Salmon-Unuk River region belongs in large part to the Coast 
Range province of southeastern Alaska and is therefore an area of 
considerable relief. The area included in this report extends from 
tidewater at Behm and Portland canals to the crest of the Coast 
Range and therefore lies mainly in the western half of the Coast 
Range. The range in this area is about 100 miles wide and has 
rather poorly defined crest line. Many of the peaks of the range 
attain elevations of 6^000 to 9,000 feet, but within this area none 
exceed 8,000 feet. The mountain summits are more uniform in 
elevation in this western portion of the range, within the area of 
granitic rocks, than on the east side, where argillites and greenstones 
occur. 

Some of the larger streams in this vicinity, such as Stikine, Nass, 
and Skeena rivers, cut completely through the Coast Range, and the 
smaller streams* are in general deeply incised, resulting in the devel- 
opment of a marked relief. Thus Unuk River at the international 
boundary flows at an elevation of 600 feet above sea level, and a peak 
a short distance northwest rises to 6,200 feet. Similarly, Salmon 
and Bear rivers have their upper basins adjacent to mountains of 
7,000 to 8,000 feet in elevation and reach tidewater within a distance 
of about 15 miles. 

In addition to marked relief, this area is further characterized by 
very precipitous slopes, caused mainly by intense glaciation. The 
higher peaks are sharp and serrated, owing to crest-line sapping by 
the glaciers. Below 5,500 feet the hills were overridden by flowing 
ice and the crests are smooth and rounded, but the valley walls have 
been oversteepened by glacial scouring and are everywhere very pre- 
cipitous and in places sheer, unscalable cliffs. 

DBAINAQE. 

The principal streams that drain this area, named in order from 
northwest to southeast, are Blue, Unuk, Leduc, Chickamin, Salmon, 
and Bear rivers. Of these, Blue River is tributary to the Unuk and 
Leduc River to the Chickamin. Unuk River enters Burroughs Bay, 
an inlet from Behm Canal, and Chickamin River enters Behm Canal. 
Salmon and Bear rivers enter Portland Canal at its head. Both 
Unuk and Chickamin rivers rise within the Coast Range and flow 
through more or less canyon-like valleys in their upper courses. In 
their lower courses, however, the valleys of these two streams broaden 
out and are characterized by wide, gravel-covered bottoms. At the 
head of Unuk River, about 60 miles from Burroughs Bay, a narrow 
divide leads over to a branch of Iskoot River, through the valley of 
which it is possible to enter the inland plateau of British Columbia. 



132 MINERAL RESOURCES OF ALASKA, 1919. 

Salmon and Bear rivers, though shorter than the Unuk and Chicka- 
min, are of the same general character. Salmon River heads in Sal- 
mon Glacier and flows 13 miles to Portland Caned. Its principal 
tributaries are Texas Creek from the west and Cascade Creek from 
the north. Big Missouri Ridge, on which are some of the chief mining 
properties of the district, lies between Cascade Creek and Salmon 
Glacier, and Bear River Ridge is the divide between Bear and Salmon 
rivers. 

Bear River is a swift mountain stream about 18 miles in length 
that enters the upper end of Portland Canal. It heads against 
Strohn Creek, a tributary of Nass River, in a low pass comparable 
with the pass at the head of Unuk River. 

OLACIEB8. 

The upland areas of this region are covered with snow above an 
elevation of about 5,000 feet, and these snow fields form the reser- 
voir or collecting ground for numerous glaciers that extend down into 
the valleys. At least one-fourth of the region here clescribed is thus 
covered with snow and ice. The glaciers are of the valley or alpine 
type, and few of them extend far down into the valley bottoms. 
Practically all the major streams head against the terminals of these 
ice lobes. This present condition of alpine glaciation is an aftermath 
of the greater piedmont glaciers which at. an earlier period covered 
all the mountains of this area and formed a continuous sheet of flow- 
ing ice that extended from sea level up to an elevation of about 5,500 
feet. 

CLnCATE. 

This region has the characteristically wet climate of the western 
flank of the Coast Range, though the precipitation is not so great as 
at some other localities in southeastern Alaska, being probably 
about 100 inches a year. The summer climate is cool, with con- 
siderable rainfall, and the least precipitation occurs late in the 
spring and early in the summer. The winter climate is comparable 
Midth that of Juneau, and the thermometer seldom falls below zero. 
Snow falls in' the valleys from November to March. Snowslides 
from the steep slopes are of common occurrence late in the winter 
and in the spring. 

TIHBEIt AND VEGETATION. 

The region is heavily forested up to an elevation of about 3,500 
feet, and stimted timber grows in places 1,000 feet higher. In the 
valley bottoms, where the best timber is found for mining purposes, 
hemlock is the most abundant as well as the most valuable tree and 
furnishes good timber for mining and structural uses. Sitka spruce 
and Cottonwood are also well represented in the valleys. Balsam 
and mountain hemlock are more abundant on the higher slopes. Ib 
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addition to trees, a thick mantle of other vegetation,, including moss 
and brush of several varieties, covers the bedrock exposures, except 
at high altitudes and on unscalable cliflfs. This mantle makes pros- 
pecting difficult and accounts in part for the slow development of 
the mining resources. 

WATEB POWEB. 

Water powers should be available at many localities in this region, 
owing to the large size and steep gradients of the streams. In summer, 
as is the general rule in an area of high precipitation, with streams 
fed by melting snow and ice, water is usually plentiful. In winter, 
however, the supply is much less, for the precipitation is in the form 
of snow, and glacial melting is at a minimum. Careful measurements 
of the TTiininniTn run-oflf in winter should precede the establishment 
of power plants. Two power plants have already been established 
in Canadian territory, on Glacier and Lydden creeks, tributaries of 
Bear River. 

SBTTLBMENTS. 

The two important settlements are Stewart and Hyder, the former 
in Canadian and the latter in American territory. Stewart, the 
distributing point for the Canadian part of the mining district, is 
at the head of Portland Canal, at the mouth of and on the west side 
of Bear River. It had a population of about 250 people in the fall 
of 1919. Hyder, the American distributing point, is about 2 miles 
from Stewart, at the mouth of and on the east side of Salmon River. 
In the fall of 1919 it was said to consist of 30 to 40 houses and was 
supplied with a wharf. 

HEANS OF COMMXTNICATIOK. 

Hyder and Stewart, being on tidewater, are connected by steam- 
ship and gas-boat service with Prince Rupert and Ketchikan. A 
railroad starting from Stewart has been built up Bear River for a 
distance of about 12 miles, and a wagon road has also been con- 
structed up the Bear River valley. Another wagon road has been 
built up the east side of Salmon River from Hyder for 1 1 miles, and a 
trail continues up onto the ridge between Salmon Glacier and Cascade 
Creek as far as the Big Missouri mine, a distance from Hyder of about 
20 miles. A good wagon road has been built from Elevenmile up 
to the Premier mine, a distance of 5 miles. Another good road con- 
necting Stewart and Hyder is nearing completion. During the 
summer of 1920 a road will probably be built from Elevenmile up 
Big Missouri Ridge. The Salmon River road is the only feasible 
means of egress from the Canadian mining properties along the west 
side of Bear River and on Big Missouri Ridge. 

Another means of entrance to this region is by way of Unuk 
River. In 1905 a wagon road was built up Unuk River for a dis- 
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tance of 42 miles to a mining prospect, but portions of the road 
are now washed out. 

OEOIiOOT. 

8ALIBNT FBATT7BJBS. 

little geologic work has been done in the American part of the 
Salmon-Unuk River region, chiefly because the rocks are mainly 
intrusive and afford little information regarding the geologic historj 
of the region. On the Canadian side, however, a considerable 
amount of geologic study and mapping has been accomplished, 
chiefly by K. G. McConnell, of the Geological Survey of Canada, 
whose reports are listed on page 130. Subsequent work has been 
done by J. J. O'Neill^ of the same organization, but the results of 
his investigations have not yet been published. The writer has 
merely compiled a condensed siunmary of the geology, so far as 
known at present. 

The Coast Range batholith of granitic rocks is bordered on the 
east in the vicinity of Portland Canal by two series of sedimentary 
rocks, mainly of argillaceous character, between which lies a vol- 
canic complex of massive and fragmental igneous rocks, usually of 
greenstone habit. All three of these formations are cut by intru- 
sive rocks. At some localities Tertiary lavas are also present. 
Overlying the hard rocks are surficial deposits of alluvial, estuarine, 
and glacial origin. These six rock units, named in order from oldest 
to youngest, are the Bitter Creek formation, the Bear River formation^ 
the Nass formation, the granitic rocks of the Coast Range, the Tertiary 
lavas, and the surficial deposits. The Bear River formation is a 
complex of volcanic rocks, in which has occurred the mineralization 
on Bear River and Big Missouri ridges, where mining developments 
are now progressing so rapidly. 

BITTEB CBEEK FOBJCATION. 

In the vicinity of Portland Canal the Bitter Creek formation is not 
known to occur west of Bear River, and therefore it will probably not 
be seen along the international boundary, where present mining in- 
terest centers. The formation consists mainly of argillite, which in 
places has developed a slaty cleavage, usually parallel with the 
original bedding planes. Some beds of much altered greenstone of 
tuflaceous origin and small nonpersistent beds of crystalline lime- 
stone are interstratified with the argillite at certain localities. This 
series of rocks as exposed east of Bear River dips southwestward under 
the other formations and is considered older. These rocks are either 
Paleozoic or Mesozoic; their exact age is not known. In the valleys 
of Glacier and Bitter creeks, eastern tributaries of Bear River, 
quartz veins and other mineralized zones are present in the Bitter 
Creek formation. 
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The upper 25 or 30 miles of Unuk River drains a scliist-argillite 
belt, which begins about 4 miles upstream from the international 
boundary and is probably, at least in part, the equivalent of the Bit- 
ter Creek formation as known east of Bear River. It is likely that 
the schistose members in this belt have been developed by dynamic 
metamorphism caused by the intrusion of the Coast Range batho- 
lith. This belt of argiUite appears to parallel the granite of the east 
from British Columbia to Skagway, and is characterized along its 
whole extent by the occurrence here and there of silver and gold 
bearing veins in the vicinity of the granitic rocks. Placer gold and 
lode deposits of silver, gold, and lead have been found in the upper 
valley of Unuk River, on the Canadian side of the boundary. 

At least two narrow bands of schist cross Unuk River below the 
international boundary, and a somewhat wider band follows along 
the east side of Behm Can^l. These schistose rocks are believed 
to represent metamorphosed phases of the sedimentary series of 
rocks east of the Coast Range batholith. 

BBA& BIVBR FOBICATION. 

Overlying the Bitter Creek formation is the Bear River formation, 
which crops out along the east side of Salmon River in Alaska and 
continues northeastward into British Columbia. This formation is 
the main country rock of the Salmon River valley, where a number 
of promising mining properties are situated. It is a complex made 
up chiefly of massive and tuffaceous volcanic rocks. The massive 
rocks are in general of andesitic nature and are called porphyrites. 
In general they are porphyritic, though this feature is not noticeable 
in aU hand specimens, and they show a flow structure in many thin 
sections. Plagioclase feldspar in two generations is the chief con- 
stituent and is accompanied by subordinate amounts of augite or 
hornblende, iron oxides, and apatite. Secondary minerals, includ- 
ing chlorite, calcite, epidote, leucoxene, and hematite, are suffi- 
ciently common to impart to the rocks as a whole a greenstone habit. 
The fragmental rocks consist of tuff, volcanic breccias, and agglom- 
erates and evidently indicate that sedimentation played a consid- 
erable part in the formation of this complex. This inference is 
further borne out by the presence of some thin intercalated beds of 
argillite. 

Along the east side of Salmon Creek, in American territory, where 
this series of rocks abuts against the granite of the Coast Range, the 
greenstones are intensely sheared and metamorphosed and have 
developed into coarse greenish and grayish schists, in which the 
schistosity roughly parallels the greenstone-granite contact. The 
rocks dip steeply toward the granite, and in general the metamor- 
phism increases in intensity in that direction. 
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NA8B FORHATION. 

Little need be said of the group of rocks that constitute the Nass 
formation, for they are not known to occur in Alaska and have not 
been found to be mineralized. Like the Bitter Creek formation, the 
Nass consists of a thick series of argillite, with some coarse clastic 
beds. In the upper Salmon River valley, within British Columbia, 
isolated bodies of such rocks overlie the Bear River formation. 

GBANinO BOOKS OF THE 0OA8T RANGB. 

The intrusive rocks that compose the Coast Range batholith range 
from granite to diorite and even to gabbro. Quartz-hornblende 
diorite, however, is the predominating type. The major part of the 
Salmon-Unuk River region is occupied by granitic rocks. 

Within the central part of the granitic batholith the granite is of 
rather uniform texture, but at the edges, particularly along the west 
flank, variations are seen. Thus along the shores of Behm Canal 
pegmatite and aplite dikes form an intricate network of white strands 
at the edge of the granodiorite, and in the adjacent schist several 
generations of 9uch dikes may be observed. At a distance this com- 
plex of granodiorite, schist, and dikes resembles a breccia. The 
granodiorite is also commonly gneissoid, and the included fragments 
of schist merge into rocks resembling basic differentiation products. 
As a result of this condition, brought about by intrusion at great 
depth, the contact between the granite and other country rock is 
indistinct in many places along the western flank of the batholith. 
This condition is less apparent along the eastern flank, although dike 
rocks are also present there. 

The typical quartz-hornblende diorite of the Coast Range is com- 
posed essentially of plagioclase, feldspar, quartz, biotite, hornblende, 
and orthoclase, named in the order of abundance. Titanite, magnet- 
ite, and apatite are accessory minerals, and small amounts of sec- 
ondary products such as epidote, sericite, calcite, and chlorite also 
occur in the central part of the batholith. 

These granitic rocks are the source of the mineralizing solutions 
that have produced the ore deposits in this district, but the methods 
of formation of the deposits have been devious, and the resulting ores 
show wide differences in location, character, extent, and mineral 
content. It is noticeable, however, that important mineralization 
does not appear to have occurred within the main batholith but was 
confined to the edges of the granitic rocks and the adjacent sedimen- 
tary rocks. This is due to the fact that the mineraJizing solutions 
foimd their easiest upward course along the fractured zones near the 
contact. The practical importance of this generalization is that the 
best hope of finding ore deposits on the American side of the Unuk- 
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Salmon River district is along the east side of Salmon River, where 
the Bear River formation occurs. 

TERTIARY BASALT. 

The Tertiary basalts of this region are gray-green to black por- 
phyritic rocks ranging in composition from basic andesite to normal 
basalt, composed essentially of plagioclase, pyroxene, and magnetite, 
with a little olivine or quartz. Some alteration has taken place, but 
as a rule these rocks are very fresh in appearance. These beds of 
lava have been little disturbed since their formation and in most 
places lie almost horizontal. Some tuffaceous layers are interbedded 
with the lavas. Postglacial basaltic lavas are found in the lower 
valley of Blue River, just above its jimction with the Unuk. 

BT7BFICIAL DBPOSITS. 

The surficial deposits are chiefly of three types, glacial, estuarine, 
and alluvial. The glacial deposits consist of till, glaciofluviatile 
material, and boulder clay, collected in deposits of many types. 
Estuarine deposits similar to those now being formed in the heads 
of the fiords are found on the hillsides at a height of 350 to 500 feet 
above the present sea level and point unmistakably to a postglacial 
uplift. Alluvial deposits composed of silt, sand, and gravel occur in 
the valleys and are due to aggradation by the present streams. 
Lacustrine deposits are also present in small areas. 

MINERAL RESOURCES. 

GENERAL LOCATION. 

The mineralized zone of the Salmon-Unuk River region lies mainly 
along the east flank of the Coast Range granite batholith and is 
therefore largely in Canadian territory, except in the valley of Salmon 
Hiver, at the head of Portland Canal. Prospecting and Tnining have 
been done at two general localities, one aroimd the headwaters of 
Unuk River and the other at the head of Portland Canal, in the 
valleys of Salmon and Bear rivers. A zone of mineralization, how- 
ever, lies along the east side of the granite batholith in British 
Columbia, and it is very likely that other mineral deposits will be 
found along this zone. It is significant that mineral deposits have 
been found at both the localities mentioned, which, as before pointed 
out, are the two natural passages through the range from the west 
in this particular district. The Portland Canal area is the more 
advantageously situated, for Portland Canal cuts completely through 
the granite and brings tidewater almost to the mines. The renewal 
of interest in mining in this district is due to the successful develop- 
uient of the Premier mine, and other properties of similar character 
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in the upper valley of Salmon Creek. Most of these properties are 
on the Canadian side of the boundary, but it is not unUkely that 
others worth while will ultimately be located on the American side. 

T7KUK &IVBB. 

Placer gold was reported in the Canadian part of the Unuk Valley 
during the Cassiar excitement in the early seventies but received 
little attention. In the early eighties gold-bearing gravels were 
discovered on Sulphide Creek, and some placer gold was mined. 
Subsequent to the rush of 1898 lode deposits were located on Sul- 
phide, Canon, and Bowlder creeks, tributaries of Unuk River, and 
on the North and South forks of the Unuk. On Sulphide Creek 
two quartz veins in particular were prospected — one a 2 to 8 inch 
vein of high-grade ore and the other a 20 to 30 foot vein of lower- 
grade ore. The high-grade ore from the narrow vein consisted 
chiefly of tetrahedrite (gray copper), pyrite, sphalerite, galena, and 
native silver. About 100 tons of ore from this vein was miUed in a 
small stamp mill in 1901 and is reported to have given high assay 
returns, particularly in silver. The ore minerals of the other vein 
consisted of pyrite, galena, sphalerite, and chalcopyrite, with a little 
native gold in the oxidized parts of the vein. The remoteness of 
these lodes from the coast and the difficulties of access, even after a 
road was built up Unuk River, have caused a loss of interest in this 
mineralized a]:ea, and of late years no work hha been done in this 
vicinity. It is admitted that a low-grade property would be of 
little value at that distance from the coast, but further prospecting 
along the east side of the granite bathoUth, north and south from 
Unuk River, with the purpose of locating lodes of high-grade ore, 
might be well worth while. 

SALMON BIVEB. 
GEOGRAPHY. 

Salmon and Bear rivers, at the head of Portland Canal, particu- 
larly the former, are the centers of the present mining interest in 
this district. Bear River flows entirely in British Colimibia, but 
Salmon River lies partly in British Columbia and partly in Alaska. 
On this account, and because interest centers in this locality, only 
the conditions in the valley of Salmon River will be discussed here. 

Salmon River rises in Salmon Glacier and flows about 13 miles 
to Portland Canal about 2 miles below Stewart. All of Salmon 
River proper lies in Alaska. Cascade and Texas creeks are the two 
important headwater tributaries. Cascade Creek rises in British 
Columbia and flows about 6 miles southward to join Salmon River 
about 2 miles below the glacier. Texas Creek lies entirely in Alaska, 
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is about 10 miles in length, and flows in a general easterly direction 
to Salmon River about 4 miles below the glacier. The main ridge 
between Salmon and Bear rivers is known as Bear Kiver Bidge, 
and the smaller ridge lying between Salmon Glacier and Cascade 
Creek is called Big Missouri Kidge. (See PI. V.) The properties 
now under intensive development lie in the valley of Salmon River 
along the west side of Bear River Ridge and on Big Missouri Ridge. 

ABEAL GEOLOGY. 

The coimtry rock along the east side of Salmon River and Saljnon 
River Glacier is mainly the andesitic greenstone of the Bear River 
formation. To the west lies the granite of the Coast Range. The 
contact between these two formations, however; is irregular and is 
marked by Salmon River only in the most general way. Isolated 
areas of granodiorite are present in the Bear River formation east 
of Salmon River and in fact are the immediate sites of a number of 
the ore deposits. 

The greenstone near the granitic rocks is sheared and at places 
rendered schistose, the schistosity trending north and dipping toward 
the granite. The shearing and Assuring that are related to the ore 
deposition, however, cut transversely across the earlier structure, as 
may be seen at the Premier mine. Dike rocks of a variety of types, 
ranging from granite to more basic rocks, together with other intru- 
sives of similar composition but of a fine-grained porphyritic char- 
acter, are found in the Bear River formation. Some of these dikes 
are connected with the intrusion of the Coast Range batholith; 
others are no doubt more closely related to the andesitic greenstone 
sequence. It is presiuned that the mineralization is connected with 
the intrusive igneous rocks of the Coast Range. 

TYPES OP DEPOsrrs. 

Two general types of lode deposits may be found along the east 
side of the Coast Range batholith, within the Salmon-Unuk River 
region. These may be designated vein deposits and replacement 
deposits. The vein deposits consist of metallic minerals, usually 
with quartz, which have been laid down in open fractiires, with a 
minimum of replacement of the countiy rocks. Where such de^ 
posits fill openings of regular form, such as openings along fault or 
joint planes, true veins are developed. Where the infiltration and 
deposition have occurred in irregularly fractmred areas, something 
akin to a brecciated ore zone results. The replacement deposits are 
those which have been formed in zones of shearing and Assuring, with 
or without gangue minerals but accompanied by much replacement 
of the coimtry rock. Naturally these two types are not mutuallv 
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exclusive, and both types may be found in close association at some 
localities. It appears that the lodes along the east side of the Coast 
Range have been deposited at shallower depth than those along the 
west side, as at Juneau, and in contradistinction to the lodes of 
Easaan Peninsula they show little or no evidence of contact-meta- 
morphic origin. 

Deposits of both the types mentioned are found in the Sfdmon 
River valley. The low-grade ores are chiefly impregnation and re- 
placement deposits of considerable size lying along zones of fissuriDg 
and shearing. They are characterized by indistinct rather than 
sharp boundaries. The ore minerals are usually pyrite, sphalerite, 
galena, and chalcopyrite, and the valuable constituents are gold, 
silver, zinc, and to a smaller extent copper. Pyrrhotite is present at 
some localities, but it carries little gold, as the gold is apparently 
associated for the most part with pyrite. At and in the vicinity of 
these impregnated zones the country rock is much silicified and altered 
to calcite, chlorite, and sericite. In places the gangue material con- 
sists solely of such altered country rock. Considerable oxidation has 
taken place, as is indicated by the discoloration at the surface out- 
crops, and there is reason for the belief that downward enrichment 
may have played some part in the formation of some of the lodes. 

The high-grade deposits are essentially rich silver and gold ores, 
occurring both as veins and as replacement deposits, many of them 
within zones of lower-grade ores. These higher-grade ores have not 
been studied in detail, and their exact relation to the lower-grade 
ores is not definitely imderstood, though the evidence available points 
to their formation at a somewhat later period. The silver minerab 
present in the high-grade ores include argent ite (silver glance), ar- 
gentiferous tetrahedrite, native silver, pyrargyrite, and proustite, 
and possibly stephanite and other silver minerals. Little native 
gold is seen, and ores with high gold content are characterized by 
much pyrite. 

LODE PBOPEETIES, 

The properties at present being prospected or developed include 
the Premier, Mineral Hill, Big Missouri, Bush mines, Forty-Nine, 
Indian mines, International, Payroll, Yellowstone, Boimdaiy, North- 
em Light, Cascade Forks, Spider, Hercules, Silver Tip, Bunting, 
Unicom, Lake & O'Leary, New Alaska, Knobhill, and other groups of 
claims. All these are in British Columbia. The International, 
Premier, Bunting, and Bush mines properties lie along the west 
flank of Bear River Ridge, but the Indian, Boundary, Payroll, Mineral 
Hill, Big Missouri, Hercules, Forty-Nine, and Yellowstone groups of 
claims stretch northward up Big Missouri Ridge. 

The Premier mine is at present considered the most promising of 
these properties. A description of the history and development of 
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this mine is given by Charles Bunting. * This property, which origi- 
nally consisted of two claims, lies along the west side of Bear Kiver 
Ridge and was discovered and staked in Jime, 1910. These and 
adjoining claims later passed into the hands of 0. B. Bush, who 
organized the Salmon-Bear River Mining Co. This company and 
others to which the property was successively bonded carried on 
development work until the spring of 1919, when the potentialities 
of the property were finally recognized and demonstrated by R. K. 
Neill, of Spokane. Partial ownership and financial control have now 
passed into the hands of the American Smeltiog & Refining Co. 

The lode is reported to consist of three low-grade ore bodies and 
one of high grade, which appear to be of the replacement type above 
described. The country rock is the Bear River formation, or ande- 
sitic greenstone, greatly sheared, fissured, and fractured. The high- 
grade deposit, on which the most work haa been done, is an ore zone 
in the fractured porphyry and follows a shear zone of fissuring and 
fracturing which strikes N. 80° E. and dips 60° S. The gangue is 
chiefly the silicified country rock. The ore minerals are reported to 
be argent ite (silver glance), argentiferous tetrahedrite, stephanite 
(brittle silver), pyrargyrite, proustite, native silver, and pyrite carry- 
ing much gold. A little pyrrhotite is present, but it carries only a 
small percentage of gold. Small stringers in the larger ore body are 
reported to carry wonderful specimens of the silver minerals. Though 
classed as a rich silver mine, the ore is valuable for both gold and sil- 
ver, the latter predominating. A sampling of ail the present work- 
ings and openings is reported by Bunting to have given an average 
value well over S30 a ton in silver and gold. The 512 tons that has 
so far been shipped gave smelter returns of $168,000. 

Less is known as yet of the possibilities of the low-grade deposits 
on the Premier property, but it is assimied that like other low-grade 
deposits near by, they consist of silicified zones in the andesitic green- 
stone, impregnated with sulphides, chiefly pyrite, galena, sphalerite, 
and chalcopyrite, carrying both gold and silver. 

The big Missouri, Mineral Hill, and Bush properties are also being 
developed. 

With r^ard to mining properties in the Alaska portion of the Sal- 
mon River valley the following notes by Chapin ' give some idea 
of what had been accomplished up to 1916: 

A group of claims extending from Sevenmile, on Salmon River, to Fish Creek, has 
been located, but only two of them have been developed. On the RiveiEide claim a 
tunnel 100 feet above the river flat has been driven for 140 feet along a strong fissure 
Vein. The vein averages about 4 feet in width but pinches to 18 inches and in 
places widens to 6 feet. Both walls are well defined. The wall rock is somewhat 

1 Bunting, Charles, The Premier gold mine, Portland Canal, British Columbia: Mln. and Sci. Pnss, 
Nov. 8, 1919, pp. 670-672. 

'Chaphi, Theodorej Mining developments in southeastern Alaska, 1915: U. S. Oeol. Surrey Bull. 642, 
PP.97-«,1916L 
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•Itored but coQtiintlitde gouge. The viinfiUiiigkqutrti with alraBdanlinliildds. 
Pyiite u the nuMt abundant aloDg the haoging wiU and oocun ia eo^ 
diflwminated partkles aoBocUted with chaloepyiite. On the footvall galena it the 
most plentiful sulphide. The country rock ia cryalalline aduat. On a paialld lode 
of much the Hune character the Rivendew claim ia being devdqp^ TheveinBtiikn 
N. W* W. and dipe about W^ NE. An adit has been Mven lor 17 feet, ezpoeiagi 
vdn that varies from Hoot to 4 feet in width. At the Bunth of the opening itit 2 feet 
wideontheroofandwidenato4leetonthefloQraf tlieadit. At the Im» it ia from 12 
to 18 inches in width. Although the vein flwella and nanowa from place to place, the 
walla are well defined. 

At Elevemnile a litde proqwcting haa been done, and aevenl daima have been 
located. On the Ekvennile and Iron daima anumlMr of open pits haiveezpoeed an 
iran-stained lode that follows a bieodated aone filled with veins of quarta oarrying 
chalcc^yrite, sphalerite, and galena. Stringen of aulphide ionn shoots of very lidi 
ate with high silver content On the Iron claim a ton of thia hJgb-gEade ore has been 
sacked ready for shipment. The lode strikes northeaat and dips ateeply northwest 
On the hfllaide above Elevenmile, at an altitude of 1,600 feet, the Bertha and Western 

daima are being developed on a northeastwanl-tranding lode. OneanrfaoecutriioivB 
thelodetobeatleastlSfeetin width. ItcomiafeiofalidfiMadiiBt^giieentuirof the 
"BearRivcr formation," with diawm1nafedpyrite,dialc<yyrite,griena,andspha]«rite. 
A number of daima have been staked on a zone of disseniinated deposits exposed along 
Salmon Kiver at Eightmile and Ninemile, but only a UtUe work haa been done. 

Borne pronusing fissure lodes have been located by Murphy ft Stevenson on Flab 
Oredc and its tributary, Skookum Greek, where more than the neceasary amount ol 
aasssiinent work has been done. Near the mouth of Skookum Qpaek an adit "was 
driven for 25 feet along a fiasuie that had been traced by aurfaoe trenchea for 2,000 ieet 
The veinis 4} feetwide, strikes N. 40^ E., and dipsabout55''SE. ThequartegajJ«iM 
carries galena, chalcopyrite, tetrahedrite, sphalerite, and pyrite in veinlets said 
irregular patches. It is being expldted mainly for its gold and silver content. 

Near the head of Skookum Creek, at an altitude of 1,600 feet, a fissure vein has l>een 
opened by an adit 320 feet in length and several crosscuts and inclines. The gaiiig'U^ 
is quartz. Metallic sulphides preeent are tetrahedrite, chalcopyrite, galena, sphalerite, 
and pyrite in blebs and veinlets penetrating the quartz, and the richest ore occurs in 
veinlets of tetrahedrite and galena. The country rock is porphyry and schistoee tuf 
of the "Bear River formation.'' The lode Btrikes N. 55** W. and dips 45* SW. At 
the portal it is about 18 inches wide. At 70 feet from the portal only a part of the vein 
is exposed, as the ore has been removed to a wall within the vein. At this place tlie 
vein is 3 feet wide plus an unknown width in tho wall of the adit. At various places 
portions of the vein said to be very rich have been stoped out. At 300 feet from the 
adit mouth the lode is abruptly cut by a vertical fault trending nearly perpendicular 
to the lode, and short drifts along the fault plane in both directions had not shown the 
position of the faulted lode. Samples of ore said to come from a near-by prospect, 
which was not visited, contain particles of hree gold in siliceous gangue. 

Several claims have been staked on Texas Creek. The ore bodies are reported to be 
quartz veins carrying seams of tetrahedrite penetrating granite and pegmatite. Little 
work has been done in this locality. 



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN 

ALASKA.' 



By Oeoboe H. Canpield. 



INTRODUCTION. 

Systematic investigation of the water resources of Alaska was 
begun by the United States Geological Survey in 1906 and has been 
carried on in different parts of the Territory to the present time. 
This investigation was undertaken in response to the need for definite 
information in regard to water available for many uses, among which 
the most important are hydraulicking, dredging, and supplying power 
for mines, cannerieS; and sawmills. 

The investigation of the water resources of southeastern Alaska 
was begun by the Geological Survey in cooperation with the Forest 
Service in 1915 and was designed to determine both the location and 
the possibilities of water-power sites. The results of previous years' 
work have already been published. ' A table showing water-power 
possibiUties in southeastern Alaska is given on page 184. 

The Geological Survey maintained a number of gaging stations in 
southeastern Alaska throughout the year, and other stations were 
instaUed in cooperation with individuals and corporations. The 
records obtained at these stations are contained in this paper. Ac- 
knowledgment is made to those who have assisted in this work, 
particularly to Mr. W. G. Weigle and Mr. Charles H. Flory, super- 
visors of the Forest Service at Ketchikan, and to Mr. Philip H. Dater, 
district engineer at Portland, Oreg. 

The stations for which the records are presented are the following: 

Myrtle Creek at Niblack. 
Ketchikan Creek at Ketchikan. 
Fish Creek near Sealevel. 
Swan Lake outlet at Carroll Inlet. 
Orchard Lake outlet at Shrimp Bay. 
Shelockum Lake outlet at Bailey Bay. 
Karta River at Karta Bay. 
Cascade Creek at Thomas Bay. 
Green Lake outlet at Silver Bay. 

* In oodperatlon with the United States Forest Seirioe. 

> V. S. Geol. Surrey BuU. 662, pp. 100-154, 1918; Bull. 602, pp. 4»-«8, 1919. 
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Baranof Lake outlet at Baranof . 

Sweetheart Falla CYeek near Snettisham. 

Crater Lake outlet at Speel River, Port SoettiBham. 

Long River below Second Lake, at Port Snettuham. 

Grindstone Greek at Taku Inlet. 

Carlaon Creek at Sunny Cove. 

Sheep Creek near Thane. 

Gold Creek at Juneau. 

Falla Creek at Nickel. 

Porcupine Creek near Nickel. 

STATION RECORDS. 

MTXTU OHXXK AT VIBLACS, PUHCB OF WAXJB8 nUJIB. 

Location. — Halfway between beach and Myrtle Lake outlet, which is one-third 

mile from tidewater, 1 mile from Niblack, in north ann of Moira Sound, Prince 

of Wales Island, and 35 miles by water from Ketchikan. 
Drainage area. — Not measured. 

Records available. — July 30, 1917, to December 31, 1919. 
Gaoe. — Stevens continuous water-stage recorder on right bank; reached by a trail 

which leaves beach near the mouth of the creek. 
Discharge measurements. — ^At medium and high stages made from a cable acroas 

creek at outlet of lake; at low stages made by wading. 
Channel and control. — ^The gage is in a pool 10 feet upstream from a contracted 

portion of the channel, at a rocky riffle that forms a well-defined and permanent 

control. At the cable section the bed is smooth, the water deep, and the cunent 

uniform and sluggish. 
Extremes of discharge. — ^Maximum stage during year from water-stage recorder, 

3.07 feet at 9 a. m. December 18 (discharge, 196 second-feet); minimum stage 

1.08 feet, September 8-9 (discharge, 28 second-feet). 

1917-1919: Maximum stage recorded, 4.40 feet at 5 p. m. November 18, 1917; 
dischaiige, estimated from extension of rating curve, 387 second-feet; minimum 
stage, 1.08 feet September 8-9, 1919 (discharge, 28 second-feet). 

Ice. — Stage-discharge relation not affected by ice. 

Accuracy. — Stage-discharge relation permanent. Rating curve, determined by 
five discharge measurements, is very well defined between 30 and 220 second- 
feet. Operation of water-stage recorder satisfactory except for periods shown in 
footnote to daily-discharge table. Daily discharge ascertained for periods 
recorder was operating by applying to rating table mean daily gage height; for 
periods recorder was not operating by determining with a planimeter the monthly 
means from an estimated hydrograph drawn by means of staff gage readings by 
observer about once every 10 days, maximum and minimum stages indicated by 
the recorder, and recorded hydrograph, and by comparison of the record for this 
station with that for Karta River. Records good except for periods \dien the 
recorder stopped, for which they are fair. 

Myrtle Lake, the outlet of which is 800 feet from Niblack Anchorage, is 95 ieet 
above sea level and covers 122 acres. Niblack Lake, the outlet of which is 5,700 feet 
^rom Niblack Anchorage, is 450 feet above sea level and covers 383 acres. Mazy Lake, 
unsurveyed, is about 600 feet above sea level and is a mile long and one-fourth to 
one-half mile wide. The large lake area in this small drainage basin is the cause of 
the well-maintained flow during the winter and periods of little ndn^. 
The following discharge measurement was made by G. H. Canfield: 
August 29, 1919: Gage height, 1.20 feet; discharge, 32 second-feet. 
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Daily ducharge, in uoond-feetf of Myrtle Creek at Ntbladt/or 1919. 



Day. 



1 


79 


2 


96 


3 


99 


4 


167 


6 


134 


6 


146 


7 


300 


8 


213 


« 


220 


10 


220 


11 


194 


12 


176 


13 


194 




163 


15 


140 


16 


127 


17 


112 


18 


106 


19 


92 


20 


61 


21 




22 




23 




M 




25 




26 




27 




28 





2&. 
30. 
31. 



JaxL 



Feb. 



66 
62 

62 
61 
63 
77 
100 

84 
73 
79 
73 
68 

88 

91 

100 

100 

86 

73 
66 
60 
67 
64 

62 
48 
47 



Har. 



44 
42 
42 
43 
44 

43 
42 
41 
41 
39 

38 
38 
87 
37 
86 

36 
86 
84 



Jnne. 



66 
63 
62 

60 



July, 



49 
48 
48 
62 
61 

49 
60 
72 
67 
68 

68 
78 
82 
86 
76 

68 
64 
60 
67 
65 

62 
61 
40 
48 

47 

46 
44 
43 
42 
41 
41 



Aug. 



39 
39 
39 
38 
87 

37 
36 
36 
36 
36 

84 
34 
86 
86 
89 

60 
45 
40 
44 
64 

62 
46 
80 
36 
36 

34 
33 
33 
33 
33 
32 



Sept. 



31 
30 
29 
29 
29 

30 
29 
29 
28 
28 

29 
36 
44 
38 
34 

32 

68 
77 
76 
68 

60 
63 
63 
46 
44 

40 
38 
36 
35 
35 



Oct. 



33 
33 
34 
33 
33 

36 
46 
40 
37 

66 

64 
60 
47 
46 



60 

48 



33 



47 
53 



Nov. 



50 
46 



57 
63 

64 
88 
94 
77 
118 

102 
84 
88 
73 
64 

68 
68 

56 
63 
60 



Dec. 



48 
46 
46 
44 
43 

42 
42 

41 
40 
30 

38 
36 
36 
36 
42 

76 
106 
176 
126 

92 

79 
116 
134 
120 



Note.— Diacharge for followiog periods eotimated because of unaatiBftictory operation of water«ta09 
reoordo', from tnaTimiim and minimum staffea indicated by reccvder and by comparison with hydrograpn 
for Karta River: Jan. 21-31, 80 second-feet; Feb. 1-3, 65 second-feet; Mar. 19-31, 60 second-feet: Apr. 1-31, 
100 secood^feet; May 1-31, 110 second-feet; June 1-26, 00 second-feet; Dec. 25-31, 115 second-feet. Dis- 
charge for following periods estimated from records for Karta River: Oct. 16-18, 40 secood-liBet; Oct. 21-24, 
35aecQnd-feet; Oct. 26-29, 35 second-feet; Nov. 3-13, 40 seoond-feet. 



MorUMy diacharge of Myrtle Creek at Niblackfor 1919, 



Month. 



Jumary.. 
February. 
March.. 
A] 



April. 
May. 



June. 

July 

August 

September. 
October.... 
November. 
December.. 



The year. 



Discharge in eeoond-feet. 



Maximum. 



220 

100 

61 



85 
64 
77 
56 
118 
175 



220 



Minimum. 



47 
34 



50 
41 
32 
28 
33 



36 



28 



Mean. 



124 
60.4 
48.1 

100 

110 
85.0 
56.8 
38.6 
40.8 
40.3 
59.4 
78.9 



70.8 



Run-off (in 
acre-feet). 



7,620 
3,850 
2,960 
5,950 
6,760 
5,060 
3,430 
2,370 
2,430 
2,480 
3,530 
4,850 



51,300 



7230*»— 21— Bull. 714 10 



14« 



' Loc4tii»t^-Op» b wrth idilB bdi 

Oa. OM-tbiid mile nortboHt 

moaHi of Bchoaobar Greek (e 

BwIb Gmk (enUcbg bma I 

Draimaoi A«*A.^-Mqt mwui ed 

RSCOBDS ATULUIS.~-NOTMlba 

17, 1»U. 

<Uox.— Tartiol italf fMtBDod to » uOmpbaun pol» umtTMtti 1v^ en left Uak it 
bond of craek'SOO feet downrtmun froB BOndt of BcboMbor Ctaek; ictd hj 
employee of tfae CitiMtie lisfat, Pom A W«Ut Oe. '1W p^ aaed rince Jmw 
«, UIK, rondrtisd of the itandard Uidtod Bttfta GedoikKlSittver enBiiieled MB 
•ectiMi gcMliuted in hundndtb, haU-tanOa, ntd tntko tarn Mm to U fnL 
The ori^bel gige, eetablUied November, UN,- esd nmi mtU Jtme », UIS, 
IsetmneloCKtloiieixleMnedetiim. ItJaeateff tijthgiadiirtfaiMpdMledevy 
tenth. Oi«e not replaced whan & new taUphane p^ via fdaead Daombw IT, 
UUi by tlia company. 

DiaoHABaa mAatnuniawTe.— At meJ u Mi and hi^ eUgee fatf lootbri^ ebont BOB 
feet npatnam bom me; m ea uTin geectloa poor, ai the biidge»atae«^iii^«< 
~ 20* with the cnmBt, aadathJ^atageathefimrlabiokeDbylaigeatnnipaneir 
left bank and jtt middle of biidge. Low-otaga m e— it eenea te made by wediag 
60 feat huiaw bridge v at enotihei aection IM feat above giga. ^le flcnr of 
Sdwanbar Creek hie been added to obt^n total flow jMat tfga. 

OBAXtm, AMD ooNTKMU.— G^e !• locatod in a laqa (let^ pod of etiU water >t a 
bend IB creek. TIm bed of the etnam at tbe outlet id thia pool la a nHd nek 
ledge, but duuhgae In a gravel bar at lower ri^t aide of pool canee «xmiaa^ 



EzTUKU or DtBmAXai.~l909-1912 and 191&-in9: Ibxfanvm atage recoided,S<S 
feet November 18, 1917 (diacfaargeeatiiiiatod from eztenaion of rating curve, 4,4O0 
Mcond-feet); minimiim discharge, 34 second-feet, September 24, 1916. 

IcB. — Ice forma along banks but control remains open. 

DivBRsiONB. — A email quantity of water ia diverted above the station tot llie lue « 
the town d! Ketchikan, the New England Fish Co., an^ the Standard Oil Oc. 

BKQDL&TtoN.— Small timber dam and headgates are located at outlet of Ketchik^ui 
lAke. Water diverted throng power bouceia returned to creek above gi^Bl*^ 
cauaee very little diurnal fluctuation. During low water the flow is incraaaed by 
water from the reeervfttr. 

jLccuKACT. — Stage-discharge relation changed during high water August 19, 19X7. 
Rating curve used August IB, 1917, Ia December 17, 1919, fairly well defined beto« 
and poorly defined above 800 second-feet. Oage read to hundredtha once duly- 
Daily diactuuge ascertained by applying gage h«g)it to lating table. 
Tfae following discharge measurement was made by O. H. Canfield: 
February 27, 1019: Oage height, 0.18 foot; discharge, 49 second-feet. 
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Daify diaeharpey in second-feet, of Kekhiian Creek at Ketekiianfor 1917-1919. 



D«y. 


Jan. 


Feb. 


Mar. 


Apr. 


M*y. 


Juno, 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


1917. 
1 


118 
09 
71 
66 

64 

74 
142 
262 

87 
262 

276 

115 
82 
79 
74 

64 
66 
66 
85 

74 

61 

64 
1Q2 
142 
204 

125 
122 

90 

66 

64 

61 

205 
630 
260 
570 
230 

180 

125 
45 
45 
55 

86 
89 
86 
65 
89 

83 
230 
809 
144. 
110 

89 
254 
260 
274 
131 

110 

119 

101 

80 

60 

55 


61 

54 

54 

106 

176 

249 
232 
285 
212 
216 

168 
125 
523 
450 
740 

377 
180 
118 
106 
60 

66 
66 

64 
64 
61 

61 
64 
54 

60 
55 

450 
230 
148 

110 
116 
06 
134 
119 

110 
80 
67 
60 
55 

53 
53 
51 
45 
45 

45 
45 
45 
45 
43 

43 
45 
67 


54 
54 

61 
66 
60 

66 

61 
54 
50 
50 

52 
54 

52 
48 
44 

44 
66 

61 
54 
61 

54 

71 
60 
56 
54 

54 
44 
44 
46 
44 
42 

55 
55 

53 

45 
45 

43 
43 

43 
43 
43 

43 

43 
45 

45 

45 

45 
45 
45 
45 
45 

80 
A3 
55 

75 

77 

67 
75 
80 
80 
62 
55 


42 
42 

245 
241 
125 

00 
82 
79 

76 
76 

71 
76 
76 
64 
64 

64 

66 

90 

142 

176 

142 

139 
142 
142 
142 

142 
142 
139 
142 
139 

55 

60 
75 
80 
62 

53 
60 
80 
180 
92 

110 
110 
119 
125 
134 

125 
119 
260 
402 
330 

316 
323 
260 
160 
152 

148 
131 
131 
140 
172 


125 
06 
90 
74 
76 

160 
160 
523 
285 
230 

216 
220 
212 
200 

180 

180 
180 
286 
220 
200 

180 
172 
160 
176 
180 

176 
180 
180 
216 
220 
220 

144 
816 
410 
410 
870 

390 
870 
360 
242 
230 

220 
206 

206 
172 
160 

180 
205 
206 
215 
225 

230 
160 
148 
126 
123 

110 
110 
330 
306 

200 
176 


238 
196 
196 
196 
220 

308 
216 
436 
262 
196 

200 
204 
204 
204 
204 

196 
204 
558 
408 
832 

882 

357 
220 
220 
180 

180 
18D 
160 
160 
180 

152 
125 
125 
122 
95 

86 
75 
67 
60 
110 

160 
168 
180 
205 
206 

200 
200 
172 
160 
160 

156 
153 
152 
152 
160 

172 
160 
125 
125 
152 


720 
383 
498 

730 
616 

857 
883 
288 

180 
160 

160 
142 
142 
142 
142 

139 
139 
14) 
142 
125 

126 
125 
135 
286 
155 

126 
180 
142 
142 
142 
180 

180 
164 
148 
125 
125 

128 
131 
125 
110 
125 

96 

119 

95 

89 

101 

86 
80 
80 
80 
77 

75 
76 
75 
73 
92 

104 
530 
530 
200 
148 
180 


180 
200 
160 
180 
160 

160 
160 
160 
142 
241 

142 
125 

108 
160 
285 

241 

332 

1.290 

31,60 

1,530 

530 
1,890 
450 
260 
206 

200 
295 
530 
230 
206 
195 

140 
134 
110 
67 
104 

62 
570 
510 
450 
330 

180 

160 

80 

72 

75 

80 

92 

89 

•123 

260 

206 
675 
510 
205 
206 

180 
660 
288 
295 
137 
125 


110 

110 

95 

95 

95 

95 
89 
80 
80 
80 

95 
104 
110 
140 
205 

225 
160 
180 
140 
110 

110 
110 
107 
107 
206 

119 
206 
295 
878 
854 

77 
75 
67 
67 
65 

62 
55 

55 
53 
67 

65 
55 
55 

53 
45 

53 

280 

206 

67 

53 

53 
53 
95 
65 
260 

125 
62 
55 

55 
53 


180 
450 
466 

295 
1,150 

410 
230 
160 
144 
126 

205 

230 
180 
160 
180 

180< 
180 
180 
160 
295 

330 
750 
700 
260 
230 

260 
230 
410 
380 
900 
2,400 

67 

96 

152 

1,500 

1,630 

470 
300 
800 

870 
323 

1,770 
490 
330 
316 
230 

248 
610 
205 
870 
725 

812 
140 
119 
123 
92 

J900 
390 
870 
281 
330 
835 


8,370 

1,778 

460 

205 

330 

1,530 

3.930 

1,200 

450 

TOO 

400 

370 

3,060 

4.000 

1,350 

400 
1,350 
4.400 
3,310 

950 

530 
230 
230 
450 
490 

370 
750 
295 
160 
116 

800 
370 
140 
116 
180 

050 
390 
288 
160 
122 

80 
134 
288 
225 
122 

134 
92 
67 
65 
67 

410 
230 
248 
370 
410 

370 

288 

750 

1.960 

1,200 


05 


2 


83 


8 


72 


4 


65 


5 


67 


8 


80 


<..........•••. 


160 


8 


570 


9 


160 


10 


95 


11 


67 


12 


55 


n 


55 


14 


65 


15 


66 


Ifi 


55 




55 


18 


55 




53 


20 


53 


21 


61 




45 


23 


46 


24 


45 


35 


46 


26 


45 


27 


43 


28 


45 




310 


30 


300 


31 


330 


1 


850 


2 


700 


3 


470 


4 


122 


5 


80 


R. . 


53 




116 


8 


104 


9 


86 


ID 


67 


11 


A4 


12 


63 
58 


13 


14 '.' 


363 
330 

330 
281 
206 
230 
110 

104 
92 

160 
134 


15 


M 




18 


19 .'.".["" 


» ;*;' 


31 


22 ::;:;'■' 


23... 


24....;*; 


IS 


610 

1,000 
260 


28.... 


27... 


28... 


12S 


39 

)D 


101 
67 
65 


n 
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Daily diacharge in seoond-feei, of Ketehikan Creek at Ketchikan for 1927^1929. ^-Coatd. 



Day 


Jan. 


Feb. 


BCar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept 


• 

Oet 


Nov. 


D«c. 


1919. 
1 


80 

410 

360 

1,0(» 

610 

410 
630 
950 
610 
370 

370 
230 
140 
119 
104 

86 
67 
67 
65 
62 

67 

110 

101 

80 

72 

80 
80 
74 
180 
110 
75 


67 
60 
55 
55 

67 

55 

60 
206 
168 
140 

125 

119 

110 

86 

67 

116 

no 

230 

110 

75 

73 
67 
65 
63 
63 

60 
55 
55 


55 

53 
55 

53 
53 

53 
51 
53 
55 

60 

55 
53 
53 
53 
56 

53 
53 
53 
53 
63 

83 
95 
89 
86 
53 

53 

63 

86 

195 

650 

530 


950 
700 
390 
360 
348 

180 
168 
370 
110 
- 93 

140 
93 
93 

95 
89 

95 
89 
95 
95 
370 

838 
570 
395 
320 

173 

650 
750 
634 
395 
180 


153 
133 
UO 
104 
93 

83 

80 

119 

135 

140 

160 
180 
160 
395 
610 

530 
330 
470 
735 
610 

381 
180 
195 
348 
360 

281 
230 
220 
140 
122 
116 


206 

fS 

172 
160 

160 
152 
140 
140 
152 

160 
153 
131 
134 
184 

138 
135 
136 
153 
348 

367 
458 
570 
394 
180 

306 
180 
160 
153 
140 


144 
125 
116 
148 
110 

101 
95 
110 
107 
116 

118 
UO 
230 
370 
260 

153 
390 
110 
116 
107 

113 
98 

110 
05 

101 

98 

98 

104 

101 

107 

05 


89 
80 
80 
77 
77 

75 

n 

80 
77 
77 

80 

83 

168 

172 

610 

173 
110 
101 
134 
735 

306 

135 

101 

05 

80 

70 
75 
75 
73 
07 
80 


67 
67 
65 
65 
67 

65 
63 
63 
60 

67 

67 
89 
67 
67 
65 

67 

1,650 

1,100 

750 

570 

1.100 
80O 
306 
180 
134 

110 
80 
80 
67 
67 


67 
63 
77 
80 
80 

410 
110 
101 
160 
80 

306 
135 
110 
101 
89 

122 

77 
67 
72 
75 

75 
67 
67 
65 
65 

72 
80 
73 
ft7 
33S 
206 


370 

230 

140 

67 

67 

65 
62 
93 
80 
67 

89 
450 
370 
370 
570 

l.IOO 
1,590 
1.410 
1,350 
1,150 

750 
570 
390 
330 
135 

116 
95 
67 
67 
67 


65 


3 


62 


3 


67 


4 


fi5 


5 


62 


6 


67 


7 


62 


8 


60 


9 


62 


10 


60 


11 


62 


12 


00 


13 


62 


14 


67 


16 


230 


16 


TOO 


17 


630 


18 




10 




30 




31 




32 




33 




34... 

35 




36 




37 




38 




30 




30 




3] 






....... 

1 



Mrtnthly discharge of Ketehikan Creek at Ketchikan for 2917-1929, 



Month. 


Discharge in aeoond-lBet. 


Ron-ofl in 


Maximum. 


Mfnimum. 


Mean. 


acre-foet. 

1 


1917. 
JnnnflTy r - . - . r - 


267 

710 

71 

245 

573 

653 

720 

3,160 

378 

2,490 

4,400 

570 


61 
64 
42 

43 

74 
160 
135 
108 

80 
12fii 
116 

43 


179 

64.8 
114 
193 
349 
240 
456 
146 
402 
1,170 

99 


6,530 


February 


9,940 


March 


3.3?0 


AprU 


6,7» 


iS™v;::::::::::::::::::::::::::::::::::::::::. :.:.:::.: 


1I.»0 


June 


14.800 


July 


14, WO 


AuKiist 


28,00f) 


September 


8,690 


October ; 


24,700 


Nov^mbw . . 


69,600 


PfKjCTnbfl"". .... ...,.,, , . . . T 


6.090 






The year 


4,400 


42 


283 

1 


205,000 






1918. 
January. .,.,.,.^, ,,-..,,,»,.,.,-,,... ,,..„.,,. 


630 

450 

80 

403 

410 

206 

530 

d75 

260 

1,770 

1,950 

1,000 


45 
43 
43 
53 

no 

60 
72 
62 
46 
67 
65 
53 


167 
90.1 
54.3 

153 

227 

144 . 

140 

284 
81.0 

480 

357 

231 


10,300 


February 


6,000 


If^f^FRh - 


, 3840 


April 


9.010 


May 


14,000 


June 


8,570 


July 


8610 


Aucust 


14.400 


September 


4,820 


OctoWir 


29,500 


November ...,,, ...,..■. --^r r-,, - - 


21,300 


December. ,...,.,-, 


14;200 






The Tear 


1.950 


43 


198 


143,000 
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MwUMy XMcharge of Ketchikan Creek at Ketchikan for i917-i9i^— Continued. 



lanoflry 

Ftiiruary 

March 

April 

May 

Jiioe 

July 

Aufnist 

Septeinber..... 

October 

November 

Deoemborl-n. 

The year. 



Month. 



1919. 



Difloharge in second-feet. 



1,000 
290 
060 
050 
725 
570 
890 
735 

1.060 
410 

1,590 
700 



Vinltnmn , 



02 
&6 

51 
89 
80 
125 
95 
07 
00 
02 
02 
55 



Mean, 



247 
92.1 
98.9 

294 

238 

195 

137 

135 

260 

107 

400 

143 



Run-off in 
acre-feet. 



16,200 

5,120 

0,080 

17,600 

14,000 

11.000 

8,420 

8,300 

la. 800 

0,580 

24,200 

4,820 



138,000 



FISH CBZXK VSA& SXALXVXL. RXVIUJLOIOSDO XSLAHS. 

Location. — In latitude 55^ 24^ W., near outlet of Lower Lake on Fiah Creek, 600 feet 
from tidewater at head of Thome Arm, 2 milee northwest of mine at Sealevel, 
and 25 miles by water from Ketchikan. 

Drain AGE area. — Not measured. 

Records available. — ^May 19, 1915, to December 31, 1919. 

Gage. — Stevens water-stage recorder on rig^t shore of Lower Lake, 200 feet above 
outlet. 

Discharge measurements. — ^At medium and high stages made from cable across 
creek, 1 mile upstream from gage and 500 feet above head of Lower Lake; at low 
stages made by wading at cable. Only one small creek enters Lower Lake, at 
point opposite gage, between the cable site and control. 

Channedvand control. — The lake is about 500 feet wide opposite the gage. Outlet 
consists of two channels, each about 60 feet wide, separated by an island 40 feet 
wide. From the lake to tidewater, 200 feet, the creek ^Is about 20 feet. Bed- 
rock exposed at the outlet of the lake forms a well-defined and permanent control. 

Extremes of discharge. — ^Maximum stage during year from water-stage recorder 
4.78 feet at 11 p. m., December 18 (discharge computed from an extension of 
lating curve, 3,810 second-feet); minimum stage, 0.63 foot, March 19 (discharge, 
40 second-feet). 

1915-1919: Maximum stage recorded, 5.33 feet November 1, 1917 (discharge, 
4,600 second-feet); minimum stage, 0.50 foot, February 11, 1916 (discharge, 22 
second-feet). 

Ice. — ^Lower Lake freezes over, but as gage is set back in the bank ice does not form 
in well, and the relatively warm water from the lake and the swift current keep 
the control open. 

Accuracy. — Stage-discharge relation permanent. Rating curve well defined below 
and extended above 1,500 second-feet. Operation of water-stage recorder satis- 
^tory except for period indicated by break in record shown in footnote to daily- 
dischaige table. Daily discharge ascertained by applying to rating table mean 
daily gage height determined by inspecting gage-hei^t graph, or, for days of 
considerable fluctuation, by averaging results obtained by applying to rating 
table mean gage heights for regular intervals of day. Records good, except for 
short period of break in record, for which they are ^dr. 

There are three large lakes in the upper drainage basin. Big Lake, 2 miles from 
beach at an elevation of 275 feet, covers 1,700 acres; Third Lake, 250 acres; and Mirror 
^e, at an elevation of 1,000 feet, 800 acres. Two-thirds of the drainage basin '- 
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covered with a thick growth of timber and brudi intenperaed with occaBum*! potdxes 
of beaver owamp and muakeg. Only the tops of the hi^eot mountaina are bare, llus 
laige area of lake mirfoce and vegetattan, notwithstanding the steep elopes and ahal- 
low soil, affords a little ground storage and aft^ a heavy precipitation maintams a 
good nm-ofiL During a dry, hot period in summer, however, after the snow has 
melted, the flow becomes very low because of lack of ice or glaciers in the drainage 



No dischaige measurements were made at this station during the year. 

DaUy dUchargef in Meconi-feet, of Fish Creek near Sealevel/or 1919, 



Day. 


Jan. 


Mar. 


Apr. 


May. 


JOIM. 


July. 


Aug. 


Sept. 


Oct 


Nov. 


Det 


1 


157 
153 
188 
790 
1,200 

966 
1,690 
1,960 
1,660 
i;060 

790 
560 
402 
368 
296 

249 
197 
172 
161 
136 

126 


65 
63 
60 
58 
56 

56 
65 
53 
55 

56 

56 
51 
JX) 
48 
50 

48 
45 
42 
40 
45 

60 

94 

126 

123 

111 

104 

91 

157 

312 

1,010 

1,620 


1,960 

1,630 

1,100 

806 

736 

505 
473 
878 
334 
285 

280 
285 
275 
243 
233 

* '*3i3" 
312 

525 
047 
938 
875 
670 


680 
421 
399 

288 
289 

264 

286 
361 
406 
403 

378 
368 
363 
378 
492 

610 
505 
512 
505 
920 

875 
632 
506 

610 
830 

790 
686 
610 
506 
460 
384 


861 
895 
51S 
896 
612 

428 
366 
330 
346 
306 

408 
384 

856 
351 
346 

351 
345 
351 
368 

403 

610 
560 
567 
. 610 
539 

440 
434 

305 
362 
340 


812 
285 
280 
361 
406 

460 
406 
356 
329 
302 

296 
285 
296 
840 
384 

378 
351 
334 
296 
275 

254 
243 
288 
234 
220 

220 
210 
210 
206 
202 
188 


172 
168 
164 
157 
157 

168 
168 
161 
140 

142 

132 
133 
116 
133 
286 

530 
402 
395 
368 
866 

806 
539 
378 
275 
210 

168 
149 
132 
116 
116 
123 


116 
106 

98 

89 
84 

84 
80 
78 
73 
60 

69 

69 

80 

123 

120 

142 
210 
710 
983 
938 

655 
648 
606 
447 
351 

307 
250 
210 
172 
153 


• 

132 
116 
119 
202 
296 

324 
406 
546 
492 

408 

403 
460 
400 
356 

275 

220 
176 
149 
142 
312 

400 
506 

460 
340 
250 

206 
168 
161 
168 
176 
224 


228 

238 
210 


138 


2. 


116 


3. 

4, 


106 


6 






6 






7 






8. 






9 






10 

11 

12 

13. 

14 


104 

104 

94 

123 

307 
535 

766 
1,070 
1,960 
1,840 
1,460 

1,300 
875 
710 
553 
408 

312 
2S0 
228 
197 
165 


50 


15 

16...V 

17 

18 


51 

12S 

47D 
3,110 

2.940 


19 


20 


1,400 


21 


soo 


22 


5S3 


23 




58S 


24 




625 


25 






26 






27. 






28, 




1,000 


29 




734 


30 





483 


31 




340 









Note.— DIachaise for followliig periods estimated, beoauae of unsatisfaetory operation of wkter-ataft 
recorder, from maxlmnm and minimum stages indicated by recorder and by comparison with hyditnapos 
of other stations: Jan. 22-31, 140 seoand-fset; Feb. 1-28, 155 second^feet; Apr. 16-23, 320 secood^eet; June 8 
and 9, as shown in table; Nov. 4-9, 120 second-feet; Dec. 4-13, 70 second-net; and Dec. 26-27, 1,100 SBOood* 
feet. 

Monthly discharge of Fish Creek near SeaUvelfor 1919. 



January... 
February.. 
March..... 

ApriL 

May 

June 

July 

August. 

September, 

October 

November. 
December. . 



Month. 



The year. 



Discharge in second-ltot. 



Maximum. 



Miniminn. 



1,060 



1,620 

1,960 

920 

610 

466 

866 

983 

516 

1,960 

3,110 

3,110 



40 



254 
830 
188 
116 
69 
116 



40 



Mean. 



473 
155 
157 
658 

604 

428 



380 
271 
294 
489 
573 

373 



Run-oflln 
Boe-aet. 



8^010 

o^aso 
83,ni 

81.000 
25,900 
18,200 
10,000 
10,100 
18,100 
20.100 
35,200 

270,000 



WATER-POWER IUVBSTIGATIONS IN SOUTHEASTERN ALASKA. 151 
8WAV LAKB OXTTLST AT OAXBOLL IHI.BT. BXVZLLAOXOBDO ISLAim. 

Location. — ^Halfway between Swan Lake and tidewater, on east shore of Carroll 
Inlet 1 mile irom its head, 30 milee by water from Ketchikan. 

Drainaob ABE a. — Not measured. 

Records AVAiiiABLB. — ^August 24, 1916, to December 31, 1919. 

Gage.— Stevens water-stage recorder on left bank, half a mile from tidewater; reached 
by a trail which leaves beach back of old cabin one-fourth mile south of mouth 
of creek. Gage was washed out by extreme high water in November, 1917. 
New gage installed 10 feet &rther back in bank at old datum, but with a new 
control, on May 5, 1918. 

DmcHAROB KBABUBBMBNTB. — ^At medium and high stages, made from a cable across 
stream 100 feet downstream from gage ; at low stages, made by wading. 

Channel and control. — ^The gage well is in a deep pool 25 feet upstream from a 
contracted portbn of the chumel, where a fall of 1 foot over bedrock forms a 
pennanent control. The efifect of the violent fluctuation of the water surface 
outside of the gage well is decreased in the inner float well, because the intake 
holes at the bottom are very small. At the cable section the bed is rough, the 
water shallow, and the current very swift. Point of zero flow is at gage height 
-LOfoot. 

GxTRBMBS OF DI8CHARQB. — Maximum stsgo duiing year, from water-stage recorder, 
6.55 feet at 10 a. m., December 18 (dischaige, computed from extension of rating 
curve, 3,700 second-feet); minimum stage, —0.04 foot March 19-20 (discharge, 
36 second-feet). 

1915-1918: Maximum stage occurred probably on November 1, 1917 (discharge, 
estimated by comparison with Fish Creek, 5,500 second-feet); Tninimnyy^ dis- 
charge, 36 second-feet, March 19-20, 1919. 

Ice.— Stage-discharge relation not a£Fected by ice. 

AocuRACT. — Stage-dischaige relation permanent. Rating curve, determined by five 
discharge measurements and point of zero flow, is fairly well defined below 2,000 
Becond-feet. Water-stage recorder operated satisfactorily except for periods 
indicated in footnote to daily-discharge table. Daily discharge ascertained by 
applying to rating table mean daily gage heights determined by inspecting gage- 
height graph, or, for days of considerable fluctuation, by averaging discharges 
obtained by applying to rating table mean gage heights for regular intervals of 
day. Results good except for periods of break in record, for which they are fair. 

Swan Lake, whose area is about 350 acres, is 1) miles from tidewater, at an elevation 
of225feet.. 

Diaeharge meaauremenU of Swan Lake outlet at Carroll Inlet during 1919. 

[Made by O. H. Canfleld.] 



^^' ---^^ c^ 



Mw.?-. 0.23 61 

^.» 95 901 
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Daify dUeharge^ in uamd-feei^ ofSxoan Lake ouUet at Carroll BiUtfor 1919. 



1. 
2. 

S. 

4. 

6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
IS. 

1ft. 
17. 
18. 
19. 
29. 

21. 
22. 

2S. 
24. 



28. 
27. 
28. 
29. 
30. 
31. 



Day. 



Jan. 



178 
170 
188 
720 
876 

711 
1,500 
1,810 
1,640 
1,050 

745 
617 
418 
884 
343 

297 
254 
213 
178 
141 

137 
143 
141 
135 
132 

128 



Mar. 



66 

63 
64 

64 
64 

62 
60 
60 

47 
44 
44 
43 

43 

92 

107 

103 

87 

78 

72 

88 

111 

210 

1/JOO 

1,890 



Apr. 



2,240 

1,640 

1,090 

770 

711 

677 
446 
868 
303 
280 

277 
271 
951 
236 
213 

193 
208 
274 
414 
425 

400 
343 
348 
374 
433 

848 
1,140 
902 
730 
030 



May. 



605 
39a 

328 
308 
809 

368 
437 
637 
663 
473 

486 
406 

441 
606 
930 

902 

720 

736 

1,320 

1,290 

876 
821 
497 
728 
1,170 

902 
693 
808 
609 
437 
397 



June. 


July. 


890 


300 


477 


374 


881 


397 


ni 


621 


677 


730 


478 


821 


487 


633 


441 


466 


321 


441 


677 


418 


673 


418 


605 


429 


4«1 


473 


440 


646 


433 


646 


433 


481 


487 


446 


449 


411 


586 


384 


848 


864 


848 


368 


746 


340 


795 


321 


736 


831 


604 


343 


537 


337 


621 


334 


473 


340 


457 


343 


425 


328 




303 



Aug. 



294 



277 
274 
274 

309 
308 
274 
265 
282 

267 
229 
218 
264 
384 

706 
580 
466 
425 
1,110 

980 
681 
426 
321 
411 

218 
193 
181 
174 
193 
198 



8«pt. 



181 
166 
139 
124 
118 

120 
118 
112 
107 
111 

118 
143 
254 
257 
221 

193 

936 

1,760 

1,600 

1,020 

735 
796 



Nov. 



103 
138 
114 

103 

94 
143 
248 
677 

780 
1,430 
2.640 
2,000 
1,470 

1,200 
875 
630 
497 
374 

297 
267 



196 
170 



Dec 



150 
133 

118 
107 



90 
84 
70 
74 
70 

66 
63 
00 
50 
78 

' 196 
1,410 
3,470 
3,400 
1,360 

745 

698 

1,030 

1,030 

1.330 

1,330 

1,170 

1,030 

696 



Note.— Discharge for following perloda estimated, because of unsatisfactory operation of ^rater-siasc 
recorder, by comparison with records tot Fish Creek: Jon. 14-19, as shown in table; Jan. 27-31, liOseeona- 
feet. From maximum and minimum stages indicated by recorder and by comparison with record for 
other stations as follows: Feb. 1-28, 120 second-feet; Mar. 1-7, 60 seoond-feet; Sept. 23-30, 360 secoHd-feet: 
Oct. 1-31, 340 secood-feet; Nov. 1-7, 200 seoond-feet. Disdiarge, Deo. 30-81, estlniated at 400 Beoaod4Bet 
by comparison with reoord for Fish Creek. 

Monthly discharge of Swan Lake outlet at Carroll Inlet for 1919, 



Month. 



January.... 
February. . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December., 



The year. 



Discharge in aeoond-feet. 



Maximum. 



Minimum. 



1,610 



1,8P0 
2,240 
1,320 
848 
730 
1,110 
1,760 



2,640 
3,470 



3,470 



Mean. 



43 
193 
306 
821 
308 
174 



94 
69 



43 



Run-off (in 
acre-feet). 



437 
120 
166 
671 



646 
424 
366 
400 
340 
634 
638 



433 



26,900 
6,660 
10,300 
34,000 
88,700 
33,500 
36,100 
23,500 

20)900 

39,300 



813,000 



OaOHABD ULKE OXJTLMT AT SKBIICP BAT. BaVZLLAaXOXDO XSLAVD. 

Location.— In latitude 55° 5(K N., longitude 131° 27' W., at outlet of Orchard Lake, 
one-third mile from tidewater at head of Shrimp Bay, an arm of Behm Csiial 
46 miles by water from Ketchikan. 

Drainage area. — Not measured. 

Records available. — May 28, 1915, to December 31, 1919. 
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Gaoe. — Stevens water-etage reooider on right bank 300 feet below Orchard Lake and 
100 feet above site of timber-crib dam, which was built in 1914 for proposed pulp 
mill and washed out by high water August 10, 1915. Datum of gage lowered 
2 feet September 15, 1915. Gage heights May 29 to August 10 referred to first 
datum; August 11, 1915, to August 17, 1916, to second datum. Datum of gage 
lowered 1 foot August 17, 1916. Gage heights August 18 to December 31, 1916, 
referred to this datum. Gage washed out probably during high water on Novem- 
ber 1, 1917. New gage instaUed on Appl 28/ 1918, at old site at the datum of 
August 17, 1916. 

DiscHAROB MKA8UREMENTS. — ^At medium and high stages made from cable 5 feet 
upstream from gage; at low stages by wading one-fourth mile below gage. 

Channel and control. — From Orchard Lake, at elevation 134 feet above high 
tide, the stream descends in a series of rapids for 1,000 feet through a narrow 
gorge, then divides into two channels and enters the bay in two cascades of 100- 
foot vertical faU. Opposite the gage the water is deep and the current sluggish. 
At the site of the old dam bedrock is exposed , but for 30 feet upstream the channel 
is filled in with loose rock and brush placed during construction of dam. This 
material forms a riffle which acts as a control for water surface at gage at low and 
medium stages and is scoured down when ice goes out of lake; the rock outcpop 
at site of old dam acts as a control at high stages and is permanent. 

Extremes of dischXroe. — Maximum stage during year from water-stage recorder, 
9.65 feet at 12 p. m. December 18 (discharge, 6,660 second -feet); minimum stage 
recorded, —0.02 foot March 19 (discharge, 85 second -feet). 

1915-1919: Maximum stage occurred, probably, on November 1, 1917 (dischaige 
estimated by multiplying maximum discharge at Fish C^eek on that date by 
1.55, which is the ratio between the maximum discharges of Orchard Lake outlet 
and Fish Creek on October 16 and 15, 1915, 7,100 second-feet); minimum discharge, 
estimated, 20 second -feet February 11, 1916. 

Ice.— Stage-discharge relation not affected by ice. 

Accuracy. — Stage-discharge relation changes occasionally during high water. Rating 
curve, determined by ^ve discharge measurements made since new gage was 
installed, point of zero flow, and form of upper portion of old rating curve, is well 
defined below 4,000 second-feet. Water-stage recorder operating satisfactory 
except for periods indicated in footnote to daily-discharge table Daily discharge 
ascertained by applying to rating table mean daily gage height determined by 
inspecting gage-height graph, or, for days of considerable fluctuation, by aver^ 
aging results obtained by applying to rating table mean gage heights for regular 
intervals Of day. Records good, except for period of break in recAid, for which 
they are fair. 

The highest mountains on this drainage basin are only 3,500 feet above sea level 
and are covered to an elevation of 2,500 feet b> a heavy stand of timber and a thick 
uiideigrowth of brush, ferns, alders, and devil's club. 'The topography is not so 
nigged as that of the area surrounding Phelockum Lake, and the proportion of vege- 
tation, soil cover, and lake area is greater, so that more water is stored and the flow 
in the Orchard Lake drainage is better sustained. 

Di9charge mtaturements of Orchard Lake outlet at Shrimp Bay dvring 1919, 

[Ifade by 0. n. CanUeld.] 



Date. 




Oaee 
heirjht. 


Dl». 
charge. 


JLv. 4 




Feet. 
0.21 
1.17 


SeC'fl. 
S9 


Sept 3 




193 



154 
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DotZy dMiarge^ in teetrndrfeet^ of Orchard Lake cutUt at Shrimp Bay for 1919, 



Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


* 

Juae. 


July. 


Auk. 


Sept. 


Dee. 


1 


17^ 

166 

232 

1,070 

1,310 

965 

2090 
2,000 
1,980 
1,310 

980 
660 
522 
440 
353 

273 

216 
188 
164 
138 

125 
125 
128 
121 
119 

115 
108 
106 
106 
110 
105 


99 
92 

85 
84 
81 

75 
75 
75 
94 
148 

208 
203 

176 
150 
IK) 

148 
208 
280 
2^4 
2^ 

8or 

162 
140 
121 
113 

105 
96 
84 


77 
72 
63 
57 
65 

54 
53 

51 
51 
52 

51 
48 
46 
44 
42 

41 
40 
87 
35 

37 

44 

61 
83 
97 
97 

04 

87 

110 

398 

1,910 

2,410 


2,530 

1,550 

1,060 

880 

702 

690 
514 
400 
338 

826 

338 

329 
308 
286 
254 

2V 

280 
485 
660 
612 

683 

426 
467 
580 
TOO 

1,030 

1,490 

1,160 

900 

762 


660 
522 
433 
407 
426 

5T3 
720 
905 
855 

TOO 

660 

660 
616 
855 

1,280 

1,130 
980 
1,000 
1,890 
1,680 

1,080 

763 

680 

1,430 

1,430 

1,090 
880 
785 
TOO 
660 
630 


030 

720 

1,000 

1,060 

880 

762 
720 
720 
785 
855 

830 
785 
740 
700 
700 

700 
700 
720 
830 
1,060 

1,030 
005 
080 
880 
700 

040 
640 
040 
680 
660 


600 
560 
580 
702 
980 

830 
740 
640 
596 
572 

580 
588 
038 
628 
628 

604 
600 
568 

•532 

514 

511 
474 
443 
443 
.471 

453 

450 
467 
460 
420 
384 


374 
368 
353 
347 
350 

362 
838 

105 
323 
820 

201 
272 
254 
257 
317 

872 
529 
474 
492 
1,250 

1,110 
710 
503 
368 
386 

235 
207 
194 
212 
344 
400 


823 
212 
20} 
166 

148 

145 
140 
131 
125 
122 

130 
145 
214 
225 
201 

174 

951 

1,860 

1,820 

1,160 

880 
980 
680 




2 




3 




4 




5 




6 




7 




8 


« 





M 


10 


44 


11 


M 


12 

13 


65 
(15 


• 14 


66 


15 


66 


16 


90 


17 


1,140 


18 

10 .-... 


S,TW 
3,010 


20 


1,4S0 
680 


21 


22 

23 


740 
1,310 


24 


L480 


25 


1,680 


26 


1,960 


27 


1,160 


28 


1.060 


29 


660 


30 


433 


31 


306 







NoTB.— iWly dlachom for following periods estimatecl, because of unsatisfactory opentian of watcf^ 
stage recorder: Feb. 22 to Mar. 3, by oomparlson with hydrogranhs for other stations: Apr. 8 and 9, by 
interpotatton: May 27 to June 16, from gage-height graoh drawn through mavimum and minimum stages 
shown by recorder and by comparison with record for Swann I^Uce outlet. Discharge for following periods 
estimated from maximum and minimum stains indicated by jecorder and by comoarisnn with records for 
other stations: Sept. 24-30. 820 secnod-feetrOct. 1^1, 500 second-feet; Nor. 1-12, 200 second^eot; Nor. 
13-n30, 850 secoDd-cret; and Dec. 1-7, 100 second-feet. 

Monthly dMuprge of Orchard Lake outlet at Shrimp Bay for 1919. 



Month. 



January..., 
Februaiy.. 

Mareh 

April 

^7 

June 

July 

August 

September. 
October. . . . 
November. 
Decembtf.. 



The year. 



Discharge in seoond-feet. 



Maximum. 



2,090 
244 
2,410 
2,530 
1 890 
1,060 
060 
1,250 
1,860 



5,790 
5,790 



Minimum. 



105 
75 
85 
235 
407 
020 
384 
104 
122 



85 



Mean. 



532 

139 
206 
696 



788 

571 

411' 

447 

500 

590 

791 

548 



RmHvflin 
aae>lMt. 



82,700 
7,720 
12,700 
41,400 
63,400 
46,900 
35,100 
25,300 
26,flO0 
30,700 
35,100 
48,600 

396,000 



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN AI-ASKA. 155 
gSBLOOXXm LAKS OXTTUCT AT BAZLBY BAT. 

Location.— In latitude 56® OC N., longitude 131® 36^ W., on mainland near outlet of 
Shelockum Lake, three-fourths mile by Forest Service trail from tidewater at 
north end of Bailey Bay and 52 miles by water north of Ketchikan. 

Drainage abba. — 18 square miles (measured on sheets Nos. 5 and 8 of the Alaska 
Boundary Tribunal, edition of 1895). 

Records available.— June 1, 1915, to October 31, 1919. (Grage-height graph, De- 
cember 8-31, 1919, could not be removed from recorder, because of ice in bay, 
in time for inclusion in this bulletin.) 

Gaob.— Stevens continuous water-stage recorder on right shore of lake, 250 feet above 
outlet. Gage house was pushed off the well by a snowslide January 4, 1917. 
Gage not put into operation again until May 23, 1917. 

DiscBABOE MEA8UBEMBNT8. — Made from cable across outlet of lake, 200 feet below 
gage and 50 feet upstream from crest of falb. 

Cbannel and contbol. — Opposite the gage the lake ia 600 feet wide; at the outlet 
bedrock is exposed and the water makes a nearly perpendicular fall of 150 feet. 
This fall forms an excellent and permanent control for the gage. At extremely 
high stages the lake has another outlet about 200 feet to left of main outlet. Point 
of zero flow is at gage height 0.6 foot. 

Extremes or dischaboe. — Maximum stage, recorded during year occurred, prob- 
ably, on December 13; minimum discharge (estimated from hydrograph for Fish 
Creek to have occurred March 21), 8 second-feet. 

1915-1919: Maximum stage, 6.84 feet at 8 a. m. November 1, 1917 (discharge, 
2,780 second-feet); minimum discharge, estimated from climatic records, 2.5 
second-feet, January 31, 1917. 

IcE.—Stage-discharge relation not affected by ice. 

Accuracy. — Stage-discharge relation permanent. Rating curve well defined. Oper- 
ation of water-stage recorder satisfactory except for periods of break in record 
shown in the footnote to daily-discharge table. Daily discharge ascertained by 
applying to the rating table mean daily gage height determined by inspection of 
gage-height graph, or, for days of considerable fluctuation, by averaging results 
obtained by applying to rating table mean gage heights for r^^lar intervals of 
day. Records excellent, except for periods of brelik in record, for which they 
are fair. 

Shelockum Lake, at an elevation of 344 feet, covers only 350 acres. The drainage 
basin above the lake is rough, precipitous, and covered with little soil or vegetation. 
There are no glaciers or ice fields at the source of the tributary streams. Therefore, 
because of little natural storage, the run-off after a heavy rainfall is rapid and not well 
sostaiaed, and during a dry summer or winter the flow becomes very low. The large 
amount of snow that accumtdates on the drainage basin during the winter maintains 
a good flow in May and June. 
The following discharge measurement was made by G. H. Canfield: 
March 4, 1919: Gage height, 1.14 feet; discharge, 15 second-feet. 
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Daily di»tharge, in teoond'fe^, ofShdotkvm Laike auilei at Bailejf Bay for 1919. 



Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


8«pt 


1 


51 

73 

115 

350 

399 

620 
730 
438 








220 
190 
164 
150 
160 

210 

m 

363 

350 
275 

241 
283 
252 
311 
490 

392 
•11 
299 

422 

378 

311 
287 
268 
378 
363 

311 
287 
263 
252 
Ml 
230 


220 
252 
360 
392 

836 

311 
299 
293 
806 

304 

301 
299 
294 
292 
287 

282 
280 
287 
336 
508 

508 

407 
407 
369 
306 

275 
277 
375 
273 
289 


280 
241 
245 
363 

490 

407 
386 
292 

m 

375 

270 
287 
868 

392 
363 

311 
287 
375 
253 
237 

226 
216 
204 
206 
216 

210 
210 
. 210 
208 
196 
180 


ITS 
168 
162 
160 
164 

164 
156 
146 
137 
132 

119 
110 
100 
123 
184 

393 
456 

316 
287 
660 

456 

275 
180 
132 
102 

84 
73 
68 
75 
100 
140 


96 


2 








71 


3 








64 


4 




18 
17 

18 

19 
19 
20 
21 

20 
19 
17 
17 
16 




66 


5 


ao 


6 


48 


7 


4& 


8 


43 


9 


80 


10 






40 


11 






48 


12 






66 


13 






156 








176 


15 






141 


16 






110 












453 


18 










1,180 












800 


20 


45 

43 
45 
45 
45 
43 

41 
41 
41 

48 
57 
48 








473 


21 








407 


22 


• . • • . 






525 


23 








311 










230 


25 










26 




. - 


542 
640 
472 
336 
263 












28 
















30 





























Note.— Diseharge for folloTinT periods estimated, because of unsatisfactory o^^eratlon of water-stace 
recorder, from maximum and minimum stages indicated by recorder and by oomnarison with hydrogmpns 
for other st.itlons: Jan. 0-10. 115 iktcond-feet; Feb 1-28, 45 second-feet: Mar. r-3, 20 second-feet; Mar. 16-^1, 
75 second-feet; Apr. 1 -25, 23n second-feet: Aug. 28 to Sept. I, daily discbarge as shown in table; Sept. 2S-^, 
110 second-feet; and Oct. 1-31, 203 second-feet. 

Monthly discharge ofSheloehnn Lake outlet at Bailey Bay for 1919. 



Month. 



January... 
February.. 

March 

AprU 

May 

June 

July 

August 

September. 
October 



The period. 



Diadiargo in nocond-feet. 



Maximum. 



730 



490 
506 
490 
660 
1,180 



MinlTniim 



41 



150< 

220 

180 

68 

39 



Mean. 



145 

45 

47.8 
258 
388 
319 
274 
198 
211 
200 



Runoff in 



8,020 
2,500 
2,»40 
15,400 
17,700 
19,000 
16,800 
11,900 
12,000 
12,300 

130,000 



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 157 
KA&TA BXVSB AT KABTA BAT, PRDTOS OF WALES ISLAHD. 

Location.— In latitude 55** 34^ N., longitude 132*» 37^ W., at head of Karta Bay, 
an arm of Kasaan Bay, on east coa^ of Prince of Wales Island, 42 miles by vatei* 
across Clarence Strait from Ketchilom. 

Drainage arba.^9.5 square miles (U. S. Forest Service reconnaisBance map of 
Prince of Wales Island, 1914). 

Rkcords available. — July 1, 1915, to December 31, 1919. 

Gaoe. — Stevens continuous water-stage recorder on left bank, half a mile above 
tidewater, at head of Karta'Bay and 1} miles below outlet of Little Salmon Lake. 
Two per cent of total drainage of Karta River enters between outlet of lake and 
gage. 

Discharge measurements. — At mediiun and high stages made from cable across 
river 50 feet upstream from gage; at low stages by wading at cable section. 

Channel and control.-:— From Little Salmon Lake, 1} miles from tidewater, the 
river descends 105 feet in a series of rapids in a wide, shallow channel, the banks 
of which are low but do not overflow. The bed is of coarse gravel and boulders; 
rock crops out only at outlet of lake. Gage and cable are at a pool of still water 
formed by a riffle of coarse gravel that makes a well-defined and permanent 
control. 

Extremes of discharge. — Maximum stage during the year from water-stage recorder, 
4.75 feet estimated to have occurred December 18 (dischaige, from extension of 
rating curve, 3,900 second-feet); minimum stage, 0.85 foot, March 19 (dischaige, 
54 second-feet). 

1915-1919: Maximum stage, 5.5 feet November 1, 1917 (dischaige, 5,070 second- 
feet); minimum flow, 21 second-feet, February 11, 1916. 

Accuracy . — Stage-discharge relation permanent. Hating curve Well defined between 
80 and 1,500 second-feet; extended below 80 second-feet to the point of zero 
flow and above 1,500 second-feet by estimation. Operation of water-stage 
recorder satis&ctory except for periods indicated by breaks in record as shown in 
footnote to daily-diBcharge table. Daily discharge ascertained by applying to 
rating table mean daily gage height determined by inspecting gage-height graph, 
or, for days of considerable fluctuation, by averaging results obtained by applying 
gage heights for regular intervals to rating table. Records excellent except for 
periods of breaks in record, for period affected by ice, and for dischaige above 
1,500 second-feet, for which they are fair. 

The combined area of Little Salmon Lake at elevation 105 feet and Salmon Lake 
at elevation 110 feet is 1,600 acres. The slopes along the right shore of lakes and at 
head of Salmon Lake are gentle, and the area included by the 250-foot contour above 
lake outlet is 5,500 acres. The drainage area to elevation 2,000 feet is heavily covered 
with timber and dense undeigrowth of ferns, brush, and alders. The upper parts 
of the mountains are covered with thin soil and brush. Only a few peaks at an eleva- 
tion of 3,500 feet are bare. This laige lake and flat area and thick vegetal cover 
afford considerable natural storage, which, after heavy precipitation, maintains a 
good run-off. The snow usually melts by the end of Jime, and the run^off becomes 
very low during a dry, hot summer. 

The Forest Service in the summer of 1916 constructed a pack trail from tidewater 
to outlet of Little Salmon Lake. 

The following dischaige measurement was made by G. H. Canfield: 

March 6, 1919: Gage height, 0.98 foot; discharge, 85 second-feet. 
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MIKEBAL RES0X7RCES OF ALASKA, 1010. 



DaUy discharge^ in tecond-feet, of Karta River at Karta Bay Jdr 1919. 



Day. 



1. 
2. 
3. 

4. 
5. 

0. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
1«. 
20. 

21. 
32. 
23. 
24. 
25. 



26. 
27. 
2^. 
20. 
30. 
31. 



Jan. 



633 

601 



Feb. 



808 
964 
238 
196 

180 
192 
206 
197 
188 

176 
184 
197 
196 
220 
197 



m 

156 
145 
143 
135 

128 
121 
156 
206 
248 

259 
233 
233 
233 
315 



Uar. 



I • a ■ • • • 



400 
508 

532 
460 



364 
215 
192 

164 



83 
83 
88 
83 

86 

83 
81 

78 
74 
71 

66 
60 
58 
54 

56 

91 
138 
168 
168 
160 

145 
152 
184 
838 

961 
1,230 



Apr. 



1,700 

1,410 

1000 

907 

880 

756 
610 
533 
480 
448 

434 
454 

434 

416 
883 

844 
844 
433 



714 

678 
580 
639 
666 
602 



1.010 
935 
835 

007 



Uaj. 



474 

403 



866 

408 
480 
573 
665 
558 

778 
714 
633 
799 
925 

943 

836 

783 

1,170 

1,830 

1,080 
783 



836 
1,000 



065 

550 
494 
467 
438 



Jpna. 



408 
498 
441 
446 

448 

433 



MIy. 



344 
895 

876 
860 
838 

883 
833 



803 



838 

883 

880 
896 
883 
868 
888 

344 



803 
380 
354 



333 
890 
860 



806 

814 
814 

806 

996 
808 
314 
888 

838 

814 
985 



343 



315 
906 

197 
180 
179 

160 
149 
149 
185 
128 
191 



Aug. 



115 

100 
108 

97 
94 

91 
88 
88 
88 

86 

83 

78 
78 
76 
78 

145 
164 
176 



8«pt. 



Oct 



415 

890 
806 
338 
193 
156 

133 

113 

100 

94 

91 

97 



88 
88 
88 

76 
71 



64 
66 
58 

56 

56 
56 

60 
60 
60 

71 

164 

1,060 

1,490 

1,070 

806 
858 

681 
515 
498 

860 



988 
906 
180 



100 
143 
153 
197 
330 

348 
448 
515 
448 
560 

573 
639 
448 
808 
390 

348 
316 
310 
383 
515 

829 
515 
434 
350 
290 



215 
338 
315 
315 
SOB 



Not. 



808 
290 
238 
315 

173 

153 
128 
125 
145 
159 

145 
185 



Dec 



1,270 

790 

736 

1,100 

1,000 

1,470 

3,240 

1,760 

1,230 

806 

680 

454 



NoTS.— Discharge esUmated for following periods, because of nnsatisfactory operation of mt«r-8tafn 
reoortler.from maamuzn and minimum stages indicated by recorder and by oompanaon with hydramphs 
for other stations: Jan. 1-13, 1.300 seoond-feet; Feb. 27-38. 135 seoond-feet; Mar. 1-5, 100 second-feet; Nor. 
18-80, 800 second-feet; Dec. 1-14, 90 second-feet; and Dec. 15-19, 1,500 seoond-feet. 

Monthly diKharge of Karta River at Karta Bay for 1919. 



January.... 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October. . . . 
November. 
December.. 



Month. 



The year. 



Discharge in seoond-fDet. 



Maximum. 



583 
1,330 
1,700 
1,330 

448 
- 860 

415 
1,430 

573 



Minimum. 



176 

121 

54 

844 

856 

954 

131 

76 

66 

142 



54 



Mean. 



695 
243 
172 
601 
600 
360 
248 
140 
812 
335 
563 
719 

431 



Roii'Ofr in 
acre-feet. 



42,700 
13,900 

io,eoo 

41,100 
42,400 
21,400 
15,300 
8,610 
18,000 
20.800 
32,m 
44.200 

313,000 



WATER-POWER INYESTIGATIOKS IJT SOUTHEASTBfiN ATJ^flKA, 159 
OA80ADB OBSSK AT TBOMAB BAT. BBAB VBTBBBBVBO. 

LocAnoN. — One-fourth mile above tidewater on each shore of south arm of Thomas 
Bay; 22 miles by water from Petersburg. One small tributary enters the river 
from the left half a mile above gage and 2 miles below lake ouUet. 

Drainaob area. — ^21.4 square miles (measured on the United States Geological 
Survey geologic reconnaiasance map of the Wrangell mining district, edition of 
1907). 

RxooRos AVAiLABLB. — Octobor 27, 1917, to December 31, 1919. 

Gaob. — Stevens waternstage recorder on left bank, one-fourth mile from tidewater; 
reached by trail which leaves beach back of old cabin at mouth of creek. 

Discharob mbaburements. — ^At medium and high stages, made from log footbridge 
across stream one-fourth mile upstream from gage; at low stages, made by wading. 

Channel and control. — From the outlet of a lake at an elevation of l,20p feet above 
sea level and 3 miles from tidewater the river descends in a continuous series of 
rapi<^ and ialls through a narrow, deep canyon. Gage is in a protected eddy 
above a natural rock weir, which forms a well-defined and permanent control. 
The bed of river under the footbridge is rough and the current swift and irregular, 
but this section is the only place on the whole river where even at low and 
medium stages there are no boils and eddies. 

Extremes or discharge. — Maximum stage during year from water-stage recorder, 
7.0 feet at 10 p. m. September 21 (discharge, from extension of rating curve, 
1,570 second-feet); minimum dischaige, 20 ^second-feet, estimated from climatic 
data and record of flow of Sweetheart Falls Creek. 

1917-1919: Maximum stage, 7.65 feet at 11 p. m. November 18, 1917 (discharge 
computed from extension of rating curve, 1,980 second-feet); minimum stage 
0.80 foot about April 6, 1918 (discharge, 17 second-feet). 

lex. — Stage-discharge relation affected by ice for short periods. 

AocuBACT. — Stage-dischaige relation permanent. Rating curve well defined below 
1,200 second-feet. Operation of water-stage recorder satisfactory except for 
periods indicated in footnote to daily-discharge table. Daily discharge ascer- 
tained by applying to rating table mean daily gage height determined by inspect- 
ing gage-height graph, or, for days of considerable fluctuation, by averaging dis- 
charge for equal intervaU of day. Records good except for periods when recorder 
did not operate satis&KTtorily, for which they are fair. 

The first site on this stream for a storage reservior is at a small lake 3 miles from 
tidewater, at an elevation of 1,200 feet above sea level. The drainage area* above the 
paging station is 21 square miles and above the lake outlet 17 square miles. Flow 
during summer is augmented by melting ice from glaciers on upper portion of drainage 
area. 

No discharge measurements were made at this station during the year. 
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KIKEKAL RESOUBCES OF ALASKA, 1919. 



Daily dutharge^ in ucomd-feei^ of Coioade Crtek at Thanuu Bay far 1919. 



IHy. 


Feb. 


Mar. 


Apr. 


Jane. 


July. 


Au«. 


Sept. 


Oct. 


Not. 


Dec 


1 






75 
60 
55 
48 
47 

44 

40 
38 
40 
39 

42 


145 
180 
102 
183 
175 

167 
183 
290 
210 
280 

280 
2-2 
2-2 

270 
260 

280 
318 
318 
380 
605 

570 
500 
455 

440 

410 

440 
425 
895 
895 
380 


380 
880 
305 

ffs 

535 
518 
470 
470 
518 

485 

500 
535 
570 

622 

535 
455 

380 
355 
380 

395 
395 
395 
395 
425 

425 

470 
552 
622 
640 
570 


618 
485 

470 
470 
518 

600 

440 
485 
570 
518 

470 
455 
455 

710 
850 

078 
790 
810 
910 
1,320 

890 
640 
455 
368 

342 

880 
342 
895 
440 
440 
342 


250 
200 
167 
153 
153 

150 
160 
183 
200 
410 

606 
518 
570 
568 

485 

440 
672 
850 
692 
562 

976 

1,140 

830 

850 

1,020 

675 
440 
292 
220 
175 


146 
150 
632 
890 
890 

1,110 

1,040 

658 

410 

342 

330 
270 
900 
160 
134 

110 
111 
100 
146 
302 

640 
425 
200 
183 
146 

126 
121 
124 
107 
94 
92 


86 
76 
68 
63 

57 

54 

50 
48 
48 

46 

44 
42 
54 
59 
88 

*87 
122 
342 
280 
270 

220 
153 
131 
112 
96 

83 
74 
60 
65 
61 


57 


2 






hi 


8 






M 


4 






49 


5 






46 


6 






44 


7 






42 


8 






40 


9 








10 








11 








12 








13 










14 


25 
25 

25 
96 
26 
96 
96 

24 
25 








15 




•••••■•• 




16 








17 








18.... 








19 








20 








21 








22 








23 


24 
24 

23 









24 








25 








26 


23 

23 




/ 




27 








28 


22 









29 


27 







30 




70 
82 




31 












I 







NoTK.— Diflohbr|» for following periods estimated, became of ice effect or unsatisfactory operaUon of 
water^etage recorder, from hvdrograph drawn by comparison with that for Sweetheart Falls Creek throu^ 
maximumand minimum stages indicated by recordw: Jan. 1-13, 161 second-feet: Feb. 1-13, 30 second-feet; 
Feb. 26-28. dailv discharge: Mar. 1-28, 24 second-feet; Apr. 12-30, 90 second-feet: May 1-31, 155 seoond-feet, 
June 1-2, daily disoharse; Dec. 0-15, 38 second-feet; and Deo. 16-81| 100 seoond-feet. 

liorUMy discharge of Caaoade Crtek at Thomaa Bay far 1919, 



Month. 



January- 
February. 
March.... 

April 

May 

June..... 

July.. 

August. 

September. 

October.... 

November. 

December.. 



»••••••••« 



The year. 



Dieebarge in seoond-lBet. 



Maximum. 



82 



605 

640. 

1,320 

1,140 

1,110 

842 



Minimum. 



1,320 



22 



38 



145 
855 
330 
150 
92 
42 



22 



Mean. 



161 
27.0 
27.4 
74.6 

155 

322 

476 

571 

487 

334 

102 
72.5 

236 



Rui-off in 
acrs-feet. 



9,900 

1,.W0 

1,680 

4,440 

9,530 

19,200 

29,300 

85,100 

29,000 

20,500 

6,OT0 

4,460 

171,000 



WATEB-POWER IKYESTIQATIOKS IN SOTJTHBASTEBN AT. ASK A, 161 



OXBBV XJUCB OJJTLBT AT BILVEB SAT. HSA& 8XTKA. 

Location.— In latitude 56"* 59^ N., longitude 135° 5^ W., at outlet of Green Lake, 
head of Silver Bay, 10^ miles by water south of Sitka. 

Dbainaob abba. — ^Not measured. 

Records availabia:. — ^August 22, 1915, to December 31, 1919. * * 

Gaob. — Stevens water-stage recorder on right bank» at outlet of lake, reached by trail 
which leaves the beach one-fourth mile north of mouth of stream, ascends a 
600-foot ridge, and then drops down to the outlet of the lake. Gage datum low- 
ered 1 foot December 27, 1916. 

DiscHABOB XBASiTBEMENTS. — Made fi^m cable across outlet 30 feet below gage. 

Channel and contbol. — From Green Lake, 240 feet above sea level and 1,800 feet 
from tidewater, the stream descends in a series of falls and rapids through a narrow 
canyon whose exposed rock walls rise vertically more than 100 feet. 

EzTBBMBs OF DISCHABOB. — MaTJmum stage during year, 12.4 feet, probably on Oc- 
tober 6, estimated from vertical line traced by recording pencil while clock of 
recorder did not run (dischaige, estimated from extension of rating curve, 3,000 
second-feet); minimum stage recorded, —0.05 foot March 27-29 (dischaige, 10 
second-feet). 

1915-1919: Maximum stage recorded, 13.0 feet, September 26, 1918 (dischaige, 
estimated from extension of rating curve, 3,300 second-feet); minimum stage 
recorded, —0.05 foot March 27-29, 1919 (dischaige, 10 second-feet). 

IcB. — Ice forms on lake and at gage, but because of current and flow of relatively 
warm weather from the lake the control remains open. 

AocuBACY. — Stage-dischaige relation permanent. Rating curve well defined between 
10 and 1,300 second-feet. Operation of water-stage recorder satisfactory except 
for periods indicated by breaks in record, as shown in the footnote to the daily- 
dischaige table. Daily discharge ascertained by appljring to the rating table 
mean daily gage height, determined by inspecting gage-height graph, or, for 
days of considerable fluctation, by averaging results obtained by applying to 
rating table gage heights for regular intervals of day. Records good, except 
those for periods when gage was not operating satisfactorily, which are fair. 

In the fall and winter the flow is low because there is Uttle ground storage, and on 
most of the drainage area the precipitation is in the form of snow. This accumulated 
sQow produces a laige run-off during the spring, and the melting ice from the glacier 
and the ice-capped mountains augments the run-off from precipitation during the 
sununer. The area of Green Lake is estimated to be about 175 acres. ' 

The dischaige measurements were made at the station during the year. 

• Supersedes flcure pubUahed in U. B. Oed. Survey Bulls. 063, 692, and 71^ 
7230*— 21— Bull. 714 ^11 
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MINERAL RESOURCES OF ALASKA, 1919. 



Daily ditehargef in teeondfeet, of Often Lake otUlet at Silver Bay for 1919. 



Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jnne. 


July. 


Aug. 


Oct. 


Nov. 


D«c 


1 


70 
142 
188 
144 
173 

713 
1,580 
820 
568 
557 

480 
226 

m 

138 
122 

107 
92 
80 
73 
67 

66 
67 
67 
61 
59 

55 
55 

53 
60 
57 
51 


44 

43 

40 
40 
88 

38 
88 
34 
86 
42 

48 
43 
38 
38 
33 

32 
37 
42 
58 
50 

48 
40 
36 
80 
27 

24 
18 
18 


16 
16 
IS 

i2" 

18 
18 
16 
14 
12 

U 
10 
10 
10 
13 
30 


147 
164 
140 
132 
180 

136 

100 

86 

79 
70 

78 
73 
76 
76 
70 

67 
66 
86 

134 
156 

142 
116 
107 
136 
154 

240 
294 
219 
168 
155 


• 

188 
114 
100 
97 
102 

124 
206 
286 
394 
336 

837 
182 
347 
813 
470 

443 
490 
803 
897 
538 

406 
368 
313 
236 
308 

340 
194 
168 
163 
164 
166 


173 
313 
333 
238 
212 

306 
200 
194 
340 
386 

880 
838 
354 
813 

286 

812 
362 
871 
490 
668 

647 
588 

620 
508 
499 

4S2 
415 
415 
388 
346 


808 

354 
461 
630 

673 

557 
547 
547 
547 
547 

657 
599 
588 
630 
518 

897 
346 
337 
362 
388 

406 
388 
388 
380 
354 

363 

452 
653 
706 
652 
518 








66 


3 








eo 


3 








eo 


4 








60 


5 








57 











62 


7 ^ 








00 


8 








50 


9 .. 








46 


10. ..!!'!' 








38 


11 








tl 


12 








38 


13 








40 


14 








e 


15 


461 

433 
415 
371 
433 
641 

480 
371 
303 






44 


1A 








17 






.fc 


18 




19 


183 

838 

820 
397 
219 
172 
142 

126 
134 






20 






21 


1 


22 . . 






23 






24 






25 




26 






27 






28 






29 


t ^ , 


30 






79 




ai 












1 






NOTB.— Dlacharg« for following periods extimated» because of unsatisfactory operation of waUV'^*^ 
recorder, by comparison with hydrocraphs for other stations: Mar. 3, 15 secona-feet and Mar. 4-iMJ 
second-feet: from maximum and minTmum stages indicated by recorder and by camparison vitnrecffa 
of flow for Sweetheart Falls Creek: Aue. 1-14, 500 second-feet; Aug. 24-31, 385 second-feet; Sept. l-^M^ 
seoond-feet; and Oct. 1-lSL 500 seoond-ieet; from maximum and minimum stages indicated oy ^^^Sf 
and by comparison with climatic data for Juneau and hydrographs of other stations: Oct. 28-81, ISSsecooa- 
feet; Nov. 1-29, 185 second-feet; and Deo. 16-31, 300 second-teet. 

Monthly discharge of Green Lake outlet at Silver Bay for 1919. 



Month. 



January.. 
February. 

March 

April 

May 

June 



July 

August 

September. 
October..., 
November. 
December.. 



The year. 



Discharge in seoond-feet. 



Vn-rimiiwi, 



1,590 

59 
30 
294 
528 
652 
706 



Minimum. Mean. 



51 
18 
10 
66 
97 
172 
303 



1,580 



87 
10 



231 
37.9 
14.8 

126 

255 

358 

488 

452 

500 

392 

181 

128 

265 



Run-off i^ 
acr^fcet. 



14,200 

2 100 

910 

7,500 
15,700 

30,000 
27,«0 
29> 
24,100 
10,800 

"i«ioS 



WATEB-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 163 
BABAVOF V^XE OUTLET AT BABAHOF, BASAHOF JSLAXH, 

Location.— In latitude 57'' ^ N., longitude 134'' 54^ W., at townsite of Baranof, at 
head of Wann Spring Bay, east coast of Baianof Island, 18 miles east of Sitka 
acrosB island but 96 miles from Sitka by water through Peril Strait. 

Drainage area. — ^Not measured. 

Records available. — June 28, 1915, to December 31, 1919. 

Gaoe. — Stevens water-stage recorder on right bank 700 feet below Baianof Lake and 
800 feet above tidewater at head of Warm Spring Bay. 

DiBCHABGB MEASUREMENTS. — ^At medium and high stages, from cable across stream 
100 feet below lake and 600 feet above gage; at low stages, by wading 100 feet 
below cable. 

Channel and control. — ^From Baianof Lake, at elevation 130 feet above sea level 
and 1,500 feet from tidewater, the stream descends in a series of rapids and small 
falls and enters the bay in a cascade of about 100 feet concentrated fall. The 
bed is of glacial drift, boulders, and rock outcrop. The gage is in an eddy 50 
feet downstream from the foot of a small fall and 100 feet upstream from a riffle 
which fonns a well-defined control. 

Extremes of discharge. — Maximum stage recorded during year, 4.78 feet at 3 p. m., 
October 6 (dischaige, computed from an extension of rating curve, 2,610 second- 
feet); miTiTin^ iTn flow, estimated by comparison with record of flow for Green 
Lake outlet, 20 second-feet, March 27-29. 

1915-1919: Maximum stage recorded dming period, 5.3 feet August 10, 1915 
(dischaige, computed from extension of rating curve, 3,350 second-feet); mini- 
mum flow, estimated, 20 second-feet, March 27-29, 1919. 

Ice. — ^Because of the swift current and flow of relatively warm water from the lake 
the stream remains open. 

Diversions. — ^The flume to Olson's sawmill diverts from the stream 200 feet below 
gage only sufficient water to operate a 25-horsepower Pelton water wheel. 

AocuRACY.^^tage-dischaige relation permanent, not affected by ice. Rating curve 
well defined below 2,000 second-feet. Operation of water-stage recorder satis- 
factory except for periods indicated in footnote to daily-dischaige table. Daily 
discharge ascertained by applying to rating table mean daily gage height deter- 
mined by inspecting gage-height graph, or, for days of consideiable fluctuation, 
by averaging dischaige for equal intervals of day. Recoids good except for 
periods when recorder did not operate satisfactorily and for periods when water 
was frozen in well, for which they are roughly approximate. 

The drainage area is rough and precipitous, and the vegetable and soil cover is thin, 
even on the foothills of the mountains. The run-off is rapid, and the ground storage 
is small. During a hot, dry period, however, the flow is greatly augmented by melt- 
ing ice from several small glaciers and ice-capped mountains. 

No dischaige measurements were made at Uus station during the year. 
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MINERAL. RESOURCES OF ALASKA, 1919. 



DaUy diicharge, in ucond-feet, of BantnofLake outlet oi Batmof for 1919, 



i>»y. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct 


KOT. 


1 




255 

222 

197 
187 
191 

225 
297 
880 

420 
460 

788 
606 
545 
726 
970 

820 
615 
590 
695 

788 

640 
622 
404 
590 
015 

484 

404 
850 

342 
348 

306 


890 
480 
450 
450 
436 

456 
468 

466 
£00 
615 

640 
640 
668 
668 

615 

690 
615 
615 
725 
900 

855 
855 

800 
856 

830 

820 

788 
788 
755 
668 


640 
640 
068 

890 
1,100 

1,010 
930 
820 
788 
820 

800 
1,060 
1,100 
1,140 

930 

725 
640 
690 
616 
668 

725 




80S 
321 
288 

261 
2S2 

252 
264 
300 
424 
015 

890 

640 

1,910 

1,660 

1,010 

755 

800 

1,880 

1,060 
788 

1,540 

1,480 

855 

1,010 
1,380 

830 
545 
430 
352 
331 


379 

435 

1,640 

2,000 


171 


2 




141 


8 




134 


4 




no 


5 




1.940 M 


6 




2,330 

1,640 

855 

S45 

476 

892 

345 

286 
256 

230 

230 
280 
270 
291 
800 

545 
306 
306 
256 
218 

198 
191 
189 
188 


83 


7 




84 


8 




80 


9 






10 






11 






12 






18 












15 






16 








119 
129 
173 
235 

252 
285 
242 
261 
282 

821 
860 
348 
312 
291 




18 








ao 




21 




22 » 




23 
















26 








26 
















28 












590 
590 
600 




30 


203 




108 ! 












1 



NoTB.—Disoharge for following periods estimated, because of lUBattsteotory operation of sase, byoom- 
pariaon with reooM for Oreen Lake outlet: Jan. 1-31, 280 seoond^feet; Feb. 1-^, 60 second-feet; lur. 1-31, 
30 seoond-feet; Apr. 1-16, 170 seoond-feet. DisoharKe for foUowinir periods estimated by oomparison with 
reoord for Sweetheart Falls Creek: June 3-4, 450 seoond^feet; July 22-31, 825 seoond-feet: Aug. 1-28. 770 
seoond-feet. Following periods estimated from miTJTn^im and minimum stages shown by gate and by 
comparison with reoords for other stations: Not. 0-30, 210seoond-feet; Dec. 1-16, 85 aeoond^eet; I>ee. 16-31, 
215 second-feet. 

MorUhly discharge ofBaranof Lake outlet at Baranoffor 1919. 



Month. 



Janoary..... 
February... 

March 

April 

May 

June 

July. 



August * 

September 

Ootober 

Noyember 

Deoomber , 



The year. 



DiacharKe in seoond-feet. 



Maximum. 



970 
930 



1,940 
2,320 



Minimum. 



187 
390 



252 
188 



Mean. 



280 

60 
80 
210 
480 
640 
827 
750 
756 
575 
184 
138 

415 



Run-off in 



17,200 

3,380 

1,840 

12,500 

30,100 

38,600 

60,800 

46,100 

45,000 

S5.4Q0 

10,900 

8.480 

900,000 
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Location.— In li^titade 57^ 56^ N., longitude 133^ 41^ W., on east shore 1 mile from 
head of south ann of Port Snettisham, 3 miles south of mouth of Whiting Biver, 7 
miles by water from Snettisham, and 42 miles by water from Juneau. No laige 
tributaries enter liver between g9'*ing station and outlet of large lake, 2) miles 
upstream. 

Drainage arsa. — ^27 square miles (measuzed on United States Geological Survey 
topographic map of tiie Juneau gold belt, edition of 1905). 

RscoRDS AYAiLABLK.— July 31, 1915, to March 31, 1917; May 21, 1918, to December 
31, 1919. 

Gage. — Stevens water-etage recorder on right bank, 300 feet upstream frcnn tidewater 
on east shore of Port Snettisham. Gage washed out in November, 1917, and 
record from April 20, 1917, lost with gage. New Stevens water-etage recorder 
installed May 21, 1918, at same datum and at approximate location of old gage. 

Discharge measurements. — ^At medium and high stages, made from cable across 
river one-fourth mile upstream from gage; at low stages, made by wading in 
chaimel at mouth of creek exx>osed at low tide. 

Channel and control. — ^From the outlet of the lake at an elevation of 520 feet above 
sea level and 2} miles from tidewater the water descends in a series of rapids and 
falls through a narrow, deep canyon. Gage is in a pool at foot of two falls, each, 
25 feet high, which are known as Sweeitheart Falls; outlet of pool is a natural rock 
weir, which forms a well-defined and permanent control for gage. 

Extremes of discharge. — Maximum stage during year from water-stage recorder, 
6.0 feet at 10 p. ^. October 6 (discharge computed from extension of rating curve, 
2,200 second-feet); minimum stage, 0.15 foot 12 a. m. March 29 (discharge, 28 
second-feet). 

1915-1919 (except for period of no record): Maximum stage recorded, 7.15 feet 
at midnight, September 26, 1918 (discharge, computed from an extension of the 
rating curve, 2,880 second-feet); minimum flow, estimated from discharge measure- 
ment and climatic data, 15 second-feet February 11, 1916. 

IcB. — Stage-discharge relation affected by ice only for short periods during extremely 
cold weather. 

Accuracy. — Stage-discharge relation permanent. Rating curve well defined between 
40 and 1,300 second-feet; extended beyond these limits by estimation. Opera- 
tion of water-stage recorder satisfactory except for periods shown in footnote to 
daily-discharge table. Daily discharge ascertained by applying to rating table 
mean daily gage height determined by inspecting gage-height graph, or, for days 
of considerable fluctuation, by averaging results obtained by applying to rating 
table gage heights for regidar intervals of day. Records excellent except for 
periods of ice effect or break in record and for discharge above 1,300 second-feet, 
for which they are fair. 

In the fall and winter the run-off is small because the precipitation is in the form of 
snow, and because of the small amount of ground storage; during a hot, dry period the 
low run-off from the ground and lake stage is augmented by melting ice from one 
glacier. 
The following discharge measurement was made by G. H. Canfield: 
February 16, 1919: Gage height, 0.35 foot; discharge, 48 second-feet. 
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MINERAL BBSOUBCBS OF ALASKA, 1919. 



Daily diiAarge, m Beoond-feet, ofSwedkmvt Fatta Onek near SnetdAam for 1919. 



Day. 


Jul 


Feb. 


Mat. 


Apr. 


lUy. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


D«. 


1 


102 
141 
176 

745 
846 
•45 
805 
686 

606 
365 
285 

225 
178 

152 
131 
113 
102 
03 

85 
87 
90 
90 
87 

74 
104 
88 
90 
87 
79 


73 
67 
62 
68 
66 

68 
60 
49 

48 
48 

49 

49 
47 
60 
52 

48 

47 
82 
64 
64 

58 
53 
47 
46 
44 

44 

44 

43 


42 
41 
41 
42 
50 

60 
60 
67 
47 
42 

87 
34 
37 
44 

30 

33 
37 
38 
38 
48 

60 
58 
48 
89 
34 

32 
30 
30 
20 

38 
42 


82 
•8 

90 

90 

lU 

141 
119 
109 
108 
102 

05 
95 
92 
92 

90 

87 

85 

90 

117 

125 

129 
127 
125 
131 

183 

aoo 

400 
365 

315 
285 


340 
199 
176 
164 
159 

164 
183 
240 
285 
294 

294 
294 
300 
306 
372 

463 
460 
442 
488 
645 

606 
488 
410 
882 
410 

428 
393 
854 

327 
315 
309 


324 

351 
428 
449 
424 

382 
365 
365 
393 
470 

535 
586 
685 

536 

488 

470 
625 
646 
645 
625 

725 
685 
645 
625 
605 

705 
785 
685 
635 
686 


565 

546 
505 
526 
585 

705 
865 
805 
706 
705 

646 
585 
666 

646 
685 

625 
546 
625 
488 
605 

546 
665 
665 
546 

525 

605 

526 
606 
746 
825 
745 


645 
665 

525 
470 
526 

605 
666 

565 
645 
665 

685 

525 
488 
525 
705 

705 
665 
605 
665 

968 

968 
745 
646 
435 
382 

348 
324 
830 
393 
585 
625 


646 
436 
348 
285 

240 

216 
202 
199 
196 
255 

452 
488 
545 
925 
905 

706 
666 
666 
845 
725 

705 
1,010 
1,060 

090 

1,170 

1,170 
905 
605 
428 
330 


364 

216 

418 

1,130 

1,280 

2,010 

2,010 

1,350 

885 

546 

386 
315 
258 
210 
176 

152 
146 
144 
164 
231 

585 
665 

390 
285 

213 

174 
148 
141 
137 
120 
125 


121 
118 
102 

90 
84 

79 
74 
70 
70 
67 

64 
62 
60 
64 
72 

85 
113 
270 
488 
442 

460 
300 
285 

210 
150 

127 

113 

104 

93 

84 


7( 


2 


70 


3 


66 


4 


<a 


6 


58 


6 


57 


7 


M 


8 


50 


9 


44 


10 


42 


U 


41 


12 


40 


13 


39 


14 


41 


15 


52 


16 


SB 


17 


113 


18 


435 


19 


382 


20 


276 


21 


U6 


22 


in 


33 


144 


24 


14S 


26 


171 


36 


900 


27 


390 


28 


349 


29 


m 


30 


149 


31 


133 







NoTB.~I>aily diachann for following periods estimftted bT oompariaon with hydrograpb for Oascade 
Creek, becaoae stAge-dlachargB relation was affected by ioe or because of unsatisfactory operation of watv^ 
stage recorder: Jan. 5-8, Feb. 37 to Mar. 5, Apr. 1-7, and Deo. 10-12. 

MonMy discharge ofSwutheart Falls Creek near SneUMamfor 1919. 



Month. 



January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The year 



Dlatdiarge in seoond-fBct. 






RoiMffin 








aae4Bet. 


Maximum. 


MInfmnm, 


Mean. 




045 


74 


256 


15,700 


82 


43 


53.9 


2,990 


60 


29 


42.2 


3,890 


400 


82 


147 


8,750 


645 


150 


343 


21,000 


785 


324 


636 


31,800 


865 


488 


613 


37,700 


968 


324 


577 


35,500 


1,170 


196 


604 


35,900 


2,010 


125 


480 


30,100 


488 


60 


154 


9,100 


435 


39 


136 


8,360 


2,010 


39 


331 


240,000 



OBATBS LAKX OTJTLBT AT 8PSXL &IVEB, POBT SVSTTISHAIC. 

Location. — ^At outlet of Crater Lake, 1 mile upetream from edge of tide flats at head of 

north arm of Port SnetUsham, 2 miles by trail from cabins of Speel River project, 

which are 42 miles by water from Juneau. 
Drainage area. — 11.9 square miles above water-stage recorder at lake outlet, and 13 

square miles above staff gage at beach (measured on topographic maps of the 

Alaska Boundary Tribunal, edition of 1895). 
Records available. — January 23, 1913, to December 31, 1919. 
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Gaos.— Stevens water-stage recorder on left shore of lake 100 feet upstream from 
outlet. A locally made water-stage recorder having a natural vertical scale and a 
time scale of 7 inches to 24 hours was used until replaced by Stevens gage Jime 
29, 1916. The gage datum remained the same during the period. X)uring the 
winter, because of inaccessible location and deep snow, the operation of the gage 
at the lake was discontinued, and the stage read at staff gage in channel exposed 
at low tide at beach. The first gage at beach was set at an unknown datum and 
washed out in winter of 1915-16. Another staff gage was set at about the same 
location November 24, 1916. Other staff gages were set at about the same location 
January 11 and November 13, 1918. 

Discharge measurements. — ^Made from cable across outlet of lake, 100 feet down- 
stream from gage and 10 feet upstream from crest of first falls. The rope sling 
from which discharge measurements were first made was replaced in fall of 1915 
by a standard U. S. Geological Survey gaging car, making more reliable measure- 
ments possible. 

Channel and control. — The gage is on left shore of lake, 100 feet upstream from 
outlet, where the stream becomes constricted into a narrow channel, the bed of 
which is composed of large boulders and rock outcrops that form a well-defined 
and permanent control. 

Extremes op discharge. — 1913-1919: VftTiTniiin stage occurred, probably, on 
September 26, 1918 (dischaige, 2,300 second-feet, estimated by multiplying 
maximum discharge at Long River on September 27, 1918, by 0.44, which is the 
ratio between the maximum discharges of Crater Lake outlet and Long River on 
August 19 and 20, 1917 ; minimum discharge, 5 second-feet, February 1-13, 1916, 
estimated from one discharge measurement and by comparison with dimatic 
data, and February 13, 1919. 

Accuracy. — Stage-discharge relation permanent. Rating curve defined by 19 dis- 
chaige measurements, 13 of which were made by employees of the Speel River 
Project (Inc.) and 6 by an engineer of the United States Geological Survey, and 
is well defined below and extended above 1,000 second -feet. Rating curve used 
January 1 to February 10 for staff gage at beach fairly well defined. Operation 
of water-stage recorder satisfactory except for July 1-^, when gage dock was run 
down; gage-height graph August 6 to October 8 lost, when skiff capsized with 
6. H. Canfield, October 8. Discharge record January 1 to February 10 com- 
puted from gage-height record for staff gage at beach. Daily discharge May 23 to 
August 5 ascertained by applying to rating table daily gage height determined by 
inspecting gage-height graph, or for days of considerable fluctuation, by averaging 
results obtained by appljring to rating table mean gage heights for regular inter- 
vals of the day. 

Crater Lake is 1,010 feet above sea level and covers 1.1 square miles. The sides of 
the mountains surrounding the lake are steep and barren, and the tops are covered 
by gladera. 

Diicharge measuremenU of Crater Lake outlet at Speel River^ Port Snettisham, during 

1918. 







[ICade by Q.H. Canfield.] 






Date. 




Oftee 
hei^t. 


Dis- 
charge. 


Date. 




he^ 


Dls- 
chtfgOk 


'•n.11.. 




Feet. 
«1.22 
a. 58 


lai 


Apr. 9.. 




Feet. 
a. 74 


Sec-ft, 
32 


Feb. 16.. 




Deo. 4.. 




14.6 















o Referred to staiZ gage at beach, installed Nov. 13, 1918. 
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DaUy diuharg€t in aeeond-feet, of CraUr Lake ouiUt at 3peel River, Part SnMtham, for 

J9J9, 



Dfty. 


Jan. 


f^b. 


K»y. 


June. 


July. 


Ang. 


Oet 


KOT. 


1 


82 

136 
82 
62 

78 

82 
200 
175 
165 
146 

127 

104 

74 

58 

55 

48 
44 
41 
35 
35 

35 
32 
32 
26 

29 

29 
29 
29 
35 
84 
32 


85 

36 
29 

18 
15 

13 
9 
7 
7 

10 

8 
7 
5 
9 
13 

10 




105 
120 
150 
156 
146 

129 
126 
129 
142 
174 

205 
221 
214 
20O 
191 

189 
196 
200 

207 
237 

304 
804 
304 
304 
304 

816 
350 
816 
282 
275 


272 

205 
201 

272 
304 

362 
502 
487 
443 
472 

457 
410 
472 
532 
502 

402 
338 
816 
316 
327 

875 
375 
375 
875 
350 

875 
429 
547 
675 
728 
610 


582 
472 
429 
416 
472 




n 


2 


s 


3 


78 


4 


« 


5 




6 






7 








8 













402 
3BB 

221 
18B 
161 
119 
122 

lU 
112 
118 
164 
856 

422 
804 
212 
161 
184 

116 

lis 

111 
103 
101 

98 




10 




11 


82 


12 


31 


13 


30 


14 


36 


15 


42 


16 


87 




IQS 


18 






20S 








3S0 


20 






taa 


21 






362 


22 






251 


23 




126 
120 
142 

145 
126 
112 
103 
100 
100 


178 


24 


132 


25 


lOS 


26 


92 






28 








30 













NoTK.— Dlwharge for following periodB, for which gage-height records are not availahle, eatiiMted from 
reoorda for Sweetheart Falls Creek: Jan. 10. 20, 30, and Feb.* 11, daily discharge: Feb. 17-28, 15 seoood- 
feet; Mar. 1-41, 12 seoaad-feet; Apr. 1-80, 47 seoond-feet; May 1-22, 118 secood-fiBet: July 1-8, daily dis- 
charge; Aug. 6-31, 520 seoond-feet: Sept. 1-30. 420 seoond-feet; Oct. 1-8, 470 seoond-feet; Not. 5-10,25 
seoond-leet; Nov. 27-30, 25 seoond-feet; and Dee. 1-31, 30 second^eet. 

Monthly diacharge of Crater Lake outlet at Speel River , Port Snettithanif for 1919, 



Month. 


Discharge in seoond-leet. 


RoiHiffln 


Maximum. 


Minimimv 


Mean. 


aere-feeu 


January ..,,.,.,,-,,,-,.-. 


200 
35 


26 
5 


68.4 

14.6 

12 

47 
118 
217 
417 
511 
420 
259 
101 

30 


4.210 


FebnuirT 


811 


March. .7 


738 


Aoril 






2.800 


i6y!v::::::::::::. :.:.:::::::::::: 






7.20 


Juvie- - , . r 


350 

728 


105 
261 


12,900 


July 


25,«» 


AUflTUSt 


31,400 


Sentember 






25.000 


October i 




98 


15,900 


Novembnr ,.,,,,., ^ .., ^ . - ^ j 


362 


6,010 


DeoeTnber r 


i;840 










The year 




5 




134,000 
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LOVQ BXTXa, BSLOW 8XC0VD XJLKE. AT POBT 8HBTTZSSAX. 

Location. — One-half mile downstream from outlet of Second Lake» 1 mile down- 
Btream from outlet of Long Lake, one-half mile upstream from head of Indian 
Lake, 2} miles by trail and boat across Second Lake from cabins of the Speel 
River project at bead of the North Arm of Port Snettiaham, 42 miles by water 
from Juneau. 

Dhainaob abea. — ^33.2 square miles (measured on sheet No. 12 of the Alaska Bound- 
ary Tribunal maps, edition of 1895). 

RicoHOS AVAILABLE. — ^November II, 1915, to December 31, 1919. 

Gaoe. — Stevens continuous water-stage recorder on right bank one-half mile below 
outlet of Second Lake. 

DiscHABQE KEASUBEMENTS. — ^At medium and high stages made from cable across 
river at gage; at low stages made by wading one-fourth mile downstream. 

Channel and contbol. — At the gage the channel is deep and the current sluggish; 
banks are low and are overflowed at extremely high stages; bed smooth except 
for one laige boulder. A rapid, 500 feet downstream, forms a well-defined and 
pennanent control. 

EzTBEMEB OF DI8CHAB0E. — MftTimiim stage during year probably occurred October 6, 
but stage is unknown as gage-height graph July 9 to October 8 was lost; minimum 
flow 35 second-feet, March 29. 

191&-I918: Maximum stage, 10.2 feet September 27, 1918 (discharge, estimated 
from extension of rating curve, 5,300 second-feet); minimum flow, 23 second-feet, 
February 13, 1916. 

Ice.— Stage-dischaige relation affected by ice during January, February, March, and 
April. 

AocuBACT. — Stage-discharge relation permanent; affected by ice or poor connection 
between well and river January 16 to February 27, March 6 to April 2, April 9-15, 
November 1-14, and December 4. Rating curve fairly well defined between 
50 and 400 second-feet and well defined between 400 and 2,000 second-feet. 
Opoatlon ci water-stage recorder satisfactory exc^ for periods indicated in 
footnote to daily-dischaige table. Gage-height graph July 9 to October 8, lost 
OB October 8, when skiff capsised with G. H. Ganfield. Daily dischaxge ascer- 
tained by applying to the rating table daily gage height determined by inspecting 
the gage-height graph. Records good except foe stages below 400 second-feet and 
periods of break in gage-height record, for which they are roughly approximate. 

The area dratning to Long River between Long Lake oudet and this station com- 
prises only 1.3 square miles, including First Lake and Second Lake. Because this 
area is at a low altitude and has no glaciers the run-off per square mile from it is greater 
early in the spring but much less in summer than that from the area above Long Lake, 
which is partly covered by glaciers. 

DiKharge meanrements of Long River below Second Lake^ at Port Snettiehamf during 1919, 

[Made by O. H. Canfleld.] 



Dttte. 



^u 10. 
Apr. 9. 



Oase 
hel2tt. 



2.40 
«1.74 



DIs- 
charge. 



Sec.-ft. 
345 

88 



Date. 



Julys. 
Deo. 4. 



Oage 
heli^t. 



Feet. 
4.03 
1.00 



Dis- 
charge. 



020 
63 



« Stage of water sixr&ee in well; cannection between well and river obstructed. 
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Daily discharge^ in Becond-feet, of Long River behw Second Lake, at Port SnetJMamJor 

1919. 



bay. 


Jan. 


May. 


June. 


July. 


Oct. 


Not. 


Dec. 


1 


100 
230 
280 
175 
250 

500 
670 
720 
550 
845 

851 
252 
106 
171 
146 




317 
360 
411 
411 
390 

360 
360 
872 
405 

474 

580 
548 
548 
512 
405 

496 
512 
512 
580 
600 

680 
700 
720 
720 
710 

770 
820 
750 
680 
650 


630 
600 
565 

630 
720 

900 

1,070 
970 

v.'.'.'.'.'.'. 


*"*975' 
660 

495 
406 
317 
257 
207 

186 
190 
252 
801 
520 

660 
480 
345 
250 
204 

171 
170 
232 
175 
149 
141 


125 

115 

105 

95 

85 

SO 
75 
73 
70 
68 

65 

63 

80 

130 

211 

817 
339 
495 
506 
530 

565 
414 
290 


76 


2 


70 


3 


06 


4 


03 


5 




6 




7 




8 




9 -. 




10 




11 




12 




13 




14 




15 




16 












18 !!!!!!!!!!!!!!!!!!!!!!!!!-!! 
















20 








21 












420 
390 
366 

411 

406 
860 
331 
809 
200 
304 




23 






24 




141 


25 




267 


26 




290 






238 


28 !.!.!!!!..!!!!!!!!!*!!!!!!!!.!!! 




185 


29 :.:.:.::::::::::::::::::::::::::: 




150 


30 




130 






115 













NoTB.— Owliup to loe effect or obstruction in connection between gase well and river, dlsdiarge was 
estimated for foUowing periods from current^meter measurement of Apr. and comMrlson with weathtr 
records for Juneau and nydrograph of Sweetheart Falls Creek: Jan. 1-0, dally discharge shown in table 
Jan. 16-31, 95 second-feet; Feb. 1-28, 55 second-feet; Mar. 1-81, 50 second-feet: Apr. 1-30, 125 seoond-feet 
May 1-21, 285 second-feet. Daily discharge, June 25 to July 7 determined from gage^iei^t graph drvtwn 
throQ^ maximum amd minimum stages shown by recorder and by comparison with grapn for Sweet- 
heart Talis Creek. Discharge for followinK periods estimated from reooros for Sweetheart Falls Greek 
owing to loss of gage-height record: July 9-3l. 900 second-feet; Aug. 1-81, 1,050 second-feet; Sept. 1-^, 1.000 
second-feet; Oct. 1-8, 1,070 second-feet. Daily discharge Nov. 1-14, Dee. 1-3, and mean discharge Nov. 
24-30 (125 second-feet) estimated from records for Sweetheart Falls Creek. Mean discharge, Dec. 5-33 
(115 second-feet), and daily discharge, Dee. 28-31, estimated from tn^Timnm and mtnitmiTn stages shows 
by recorder and by comparison with records for Sweetheart Falls Creek. 

Monthly discharge of Long River below Second Lake^ at Port Snettisham, for 1919. 



Month. 


Discharge in second-fset. 


Ban-off in 


Maximum. 


MInlmimi. 


Mean. 


aov-iaet. 


January ,., 


720 




200 

55 

50 

125 

300 

645 

864 

1,060 

1,000 

526 

192 

128 


13,000 


Febniitf7 




3^060 


March 






3070 


April 






7440 


May 






19000 


June 


830 


817 


38 400 


July 


8J100 


August . . - 






64500 


September 






69 500 


Oc^ber 




141 
62 
63 


38300 


November 


565 


"ffl 


December 


7,m 


The year 






424 


807.000 











WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 171 

GBXRDBTOVB OBSSK AT TAKV IVLST. 

Location. — On north shore of Taku Inlet, between Point Bishop and Point Salisbury, 
one-fourth mile west of mouth of Rhine Creek and 11 miles by waterfrom Juneau. 

Drainage area. — Not measured. 

Records available. — ^May 6, 1916, to December 31, 1919. 

Gaoe. — Stevens continuous water-stage recorder on left bank, 200 feet from tidewater, 
installed September 16, 1916. A Lietz seven-day graph water-etage recorder 
was used May 6 to June 17, 1916. 

Discharge meaburements. — ^At all stages made by wading either in the channel on 
the beach, which is exposed at low tide, or 100 feet below gage at high tide. 

Channel and control. — ^For a distance of one-fourth mile from tidewater the stream 
descends in a series of rapids and falls through a narrow, rocky channel. The 
ga^ is at upper end of a turbulent pool between two falls, the lower of which 
forms a well-defined control. When gage was installed logs were jammed in 
channel near upper end of pool. 

Extremes of discharge. — Maximum stage during year, from water-stage recorder, 
4.2 feet at 5 p. m. October 3 (discharge, estimated from extension of rating curve, 
330 second-feet); minimum discharge, 3 second-feet March 16-20, estimated by 
comparison with climatic data. 

1916-1919: MftyJTmim stage, 6 feet at 7 p. m. September 26, 1918 (dischargei 
estimated from an extension of the rating curve, 700 second-feet); minimum 
stage, —0.24 foot April 5-7, 1918 (discharge, 2.6 second-feet). 

Ice. — Stage-discharge relation sometimes affected by ice. 

Accuracy. — Stage-discharge relation permanent. Rating curve, revised by meas- 
urements made during 1919, well defined below 150 second-feet; extended above 
150 second-feet by estimation. Operation of water-stage recorder satisfactory 
except for periods shown in the footnote to daily-discharge table. Daily discharge 
ascertained by applying to rating table mean daily gage height determined by 
iuBpecting gage-height graph, or, for days of considerable fluctuation, by averag- 
ing results obtained by applying to rating table mean gage heights for regular inter- 
vals of day. Records good except those for periods of break in record and dia- 
charge above 150 second-feet, which are poor. 

Discharge measuremenU of Orindstane Creek at Taku Inlet during the year ending Sept, 

SO, 1918, 

[Made by O. H. Canfleld.) 



Date. 



Xan.20. 
» 23, 
Feb. 21 
Mar. 22 



Oace 
height. 



Feet. 

a0.fiO 

a .43 

.16 

- .06 



Dis. 
charge. 



Sec.-ft. 

11.0 

11.0 

ft.1 

3.8 



Date. 



I 
! 

' Apr. 22 

' July?. 

Dec. 13 



Qam 
height. 



Feet, 
0.59 
1.71 
b .40 



Dis- 
charge. 



Sec.-ft. 
16.0 
114 
10.6 



a Control partly obstructed by ioe. 



ft Ice coyer arched over control; no backwater. 
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DaHy dMiargtt in ueond-fut, ofGrindaUme Creek at Taku Inlet for 1919. 



Day. 


Jan. 


Feb. 


ICar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


1 


17 
26 
19 
17 
19 

46 
40 
66 

38 
30 

38 
24 

30 

18 
17 

M 

14 
11 
11 
12 

12 
14 
11 
11 
11 

11 
11 
10 
10 
10 
10 


10 
0.5 
0.0 
0.0 
8.0 

7.6 
8.0 
8.0 
7.5 
7.6 

7.6 
7.0 
7.0 
7.0 
7.0 

7.0 
7.0 
7.6 
8.0 
7.6 

7.0 
0.6 
&6 
&0 
4.6 

4.0 
3.6 
3.6 


3.6 
8.6 
3.0 
8.0 
8.0 

8.6 
4.0 
8.6 

8.0 
3.6 

3.5 
3.5 
3.6 
3.5 
3.5 

3u0 
3.0 
3.0 
8.0 
3.0 

3.6 
4.0 


....... 

18 
10 
80 

62 
43 
34 
26 
24 


10 
18 
17 
17 
17 

18 
10 
36 
34 
30 

28 
83 
31 
80 
44 

48 
43 
44 

48 
48 

41 
38 
34 

37 
88 

36 
32 
20 
28 

28 
20 


20 
41 
61 
64 
65 

48 
43 
30 
44 
60 

64 
66 

66 
62 
40 

40 

61 
60 
61 

70 

71 
66 
60 
63 
64 

70 
71 
61 
64 

49 

1 


47 
46 

67 
60 
73 

128 

130 

02 

02 

89 

80 
74 
70 
88 
71 

81 
57 
70 
62 
62 

60 
64 

52 
40 
45 

61 
60 
64 
74 
70 
67 


52 
47 

46 
48 
60 

46 
40 
71 
67 

48 

43 
30 
41 
57 
60 

61 
43 
48 

86 
70 

64 
46 
37 
34 

31 

28 
43 
38 
61 
62 
43 


36 
30 
26 
24 
24 

22 
22 
21 

48 
00 

34 
34 

116 
09 
60 

43 

80 
04 
00 
62 
46 


40 
86 

184 
180 
260 

189 

124 

87 

70 

00 

61 
46 

41 
36 
S3 

33 

28 
S8 
48 
48 

43 
32 
28 
26 
24 

28 
27 
24 
22 
22 
21 


19 
18 
17 


IS 


8 


16 


3 


15 


4 


13 


6 


12 


«, 


13 


7 




8 


• •■ ••• • 




9 






10 






11 






12 






13 


'"■ M* 
23 

18 
17 

17 
18 
16 
15 
14 


u 


14 


10 


16 


8.0 


10 


9.6 


17 


22 


18 ". 


34 


19 


16 


20 


14 


21 


13 


22 


13 


23 


15 


24 


16 


26 


18 


36 


37 


27 


10 


28 


16 


29 


16 


30 


••.•■•* 




16 


31 






16 













NoTB.— Dlidiane lor followtng periods estimated by comparisan with records of flow for other ststicos, 
because stafe-dlsooaisa relation was affected by ioe: Jan. 19-25, Feb. 25-28, and Mar. 1-21, ss shown in 
table. Operation of water-stage recorder not satisfactory for following periods, disdiarge estimited from 
»nnirtoBt«iw ^;od ™fa«tT"«"" stajHs Indioatfld by recorder and by oompitfnQn with reootds of flow for other 
stations: BCar. 22-31, 6 secon^fiBet; Apr. 1-21, 15 socond-feet; Sept. 17-25, 120 second-fBet; Nov. 4r-21, 25 
seoond-fcet; and Dec 7-12, 11 seoond-leet. 

Monthly diacharge of GrindsUme Creek at Taku Inlet for 1919, 



Month. 


Discharge in seoond-fnet. 


Run-off in 


Maximum. Minimum. 


Mean. 


acfE>-feet. 


January 

February 

March . . 


56 

1 !^ 


10 
3.5 
3.0 


19.3 
7.00 
8.82 
19.3 
31.8 
54.6 
60.9 
48.8 
68.0 
01.9 
22.3 
14.7 


1,1» 
3» 
233 


April 


71 
130 
85 
• • 


1,1» 


M^::^::::::;:::::::::::::::::::::::::::::::::. :::.:... 


17 
29 
45 
28 
21 
21 
14 
8.0 


1900 


Jpjie ...--.. T . - . 


3250 


July 


4300 


August 

JReptember. . 


3000 
4050 


October 


260 


3810 


N^ovember ., ... 


1830 


Deoember .... - - 


34 


904 




.. 


The year 


260 


3.0 


35.3 


25,000 
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0ABL80V OESXX AT STTSdrY GOVS. 

Location.— At Siuiny Cove, on weat ahore of Takn Inlet, 20 milei by water from 
Juneau. 

Draznaob abba. — ^22.26 square miles (determined by engineering department of 
Alaska Gastineau Mining Co. from surveys made by that company). 

Records avahadle. — July 18, 1916, to December 31, 1919. 

GAOE.-^tevens water-stage recorder on left bank, 2 miles from tidewater; inspected 
several times a week by employees of Alaska Gastineau Mining Co. 

DiscHAROB MEASUREMENTS. — ^At high stages, made from cable across river one*half 
mile downetream from gage; at medium and low stages, made by wading 500 feet 
upstream from gage. 

Ghankbl and control. — ^Above the gage the stream meanders in one main channel 
and several small channels through a flat, sandy basin about a mile long; just 
below the gage the channel contracts and the stream passes over rocky falls that 
form a well-defined and permanent control. The point of zero flow is at gage 
height —1.5 feet. 

Extremes of discharge. — Maximum stage recorded during year, 6.75 feet at 4 
p. m. September 13 (discharge, from extension of rating curve, 4,440 second- 
feet); Tninimnm flow, estimated by comparison with record of flow for Sweetheart 
Falls, 15 second-feet, March 28. 

191&-1919: Maximum stage, 8.1 feet at 2 p. m. September 26, 1918 (dischaige, 
computed from extension of rating curve, 6,200 second-feet^; minimum flow, 
estimated from climatic data and hydrographs for streams in near-by drainage 
basins, 10 second-feet, April 1-7, 1918. 

IcE.--Stage-discharge relation affected by ice. 

Aocu RACY. — S tage-discharge relation permanent. Rating curve well defined between 
70 and 2,000 second-feet, extended below 70 second-feet to point of zero flow and 
above 2,000 second-feet by estimation. Operation of water-stage recorder satis- 
factory except for periods of break in record aa indicated in footnote to daily- 
discharge table. Daily discharge ascertained by applying to rating table mean 
daily gage heights determined by inspecting gage-height graph, or, for days of 
considerable fluctuation, by averaging results obtained by applying to rating 
table mean gage heights for regular intervals of the day. Records good except 
for stages below 70 second-feet and above 2,000 second-feet and for periods of 
break in record, for which they are fair. 

Discharge measwrements of Carlson Creek at Sunny Cove during 1919. 

[Made by 0. II. Canfleld.] 



Date. 


Oam 
height. 


1 

Dls- 
charge. 


Date. 


Gage 
height. 


Di»- 
chatgCL 


Ian. 23 


FetL 


Sec-ft. 
040 
024 

O20 


Apr. 22 


Feet, 
-a 30 
1.70 


Sec-ft 
76 


Feb. 21 




Aug. 12 


474 


Mar,a2 




Dec. 13 


«33 













'Creek covered with thick ice. Measurement made 2 miles below gage; measured discharge reduced 
^per cent to obtain flow at gage. 
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Daily dMiarge, in second-feet^ of Carlmm Creek at Sunny Cove for 1919. 



Day. 


May. , 


June. 


1 

July. 


Aug. 


Sept. 


Oct. 


Dee. 


1 




367 
399 
530 
455 

387 

370 
419 
425 
500 
622 

640 
575 
605 
545 
530 

515 
575 
545 
575 
710 

780 
710 
675 
728 
762 

762 
745 
602 
675 
606 


606 

560 
668 

*"*575* 
500 

675 
820 
950 
1,020 
745 
622 


590 
560 
645 
658 

762 

590 
530 

668 
840 
622 

530 
470 
581 
1,450 
885 

860 
622 
622 
1,510 
902 

500 

359 
300 
272 
263 

250 
382 
590 
745 
500 
272 


176 
137 
190 
106 
109 

108 
127 
128 
452 
1,020 

362 
486 

3,150 

WW 

470 

382 

1,040 

1,210 

640 

440 

2,030 

662 

636 

1,460 

1,170 

396 
210 
115 
156 
106 


104 
388 

1,100 
1,080 
1,860 

3,160 

1,370 

441 

272 

182 

124 




2 






3 






4 






5 






6 


1 
1 




7 






8 






9 






10 






11 _ 






12 7. 




114 ! 


13 




107 
107 
101 

101 
IM 
136 

aw 

455 

455 

156 


33 








15 






16 












18 












20 •• 






21 






22 






23 




102 




340 
545 

402 
315 
277 
268 
202 
326 




26 


,,.,,,.,1,,,...., 


26 






■ 


28 


— •••••i 

1 




1 


30 


■ 




::::::::i:: 






I 



NoTB.— Operation of water-stage recorder unaatisftictory and discharee for following periods estimated 
from four current-meter measurements, weather records, and hydrognpns for other stations: Jan. 1-31, 137 
secopd-feet; Feb. 1-28, 28 second-feet; Mar. 1-31. 20 second-feet; Apr. 1-23, 65 second-feet: Apr. 91-30, 200 
second-feet; and May 1-23, 320 second-feet. July 4-23, estimated at 675 second-feet by oon^arisan with 
record of flow for Sweetheart Falls Creek. Discharge for toUowixur periods estimated by comparison with 
records for other stations: Oct. 20-23, daily discharge; Oct. 94-81, 86 second-feet; Nov. 1-30, UOseoond-feet; 
Dec. M2, 45 second-feet; Dec. 14-31, 160 second-feet. 

Monthly discharge of Carlson Creek at Sunny Cove for 1919. 



January.. 
February . 

March 

April 



mS 



ay. 



June 

July 

August 

September, 

October 

November. 
December. 



Month. 



Discharge in second-fBet. 



Maximum. 



The year. 



Minimum. 



780 
1,020 
1,510 
3,150 
3,160 



367 



250 
102 



Mean. 



137 

28 

20 

96.5 
327 
581 
688 
620 
617 
412 

lao 

106 



RaiMffln 
acre-feet. 



228,000 
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Location. — ^At lower end of flat basin, above divertdon dam for flume leading to 
Treadwell power house at be^h and 1 mile by tramway and ore railway from 
Thane. 

Drainage area.— 4.57 square miles above gaging bridge (measured on United 
States Geol(^cal Survey map of Juneau and vicinity, edition of 1917). 

Records available. — July 26, 1916, to December 31, 1919. 

Gage. — Stevens water-stage recorder on right bank, at pool formed by an artificial 
control just below small island three-tenths mile upstream from diversion dam. 
Recorder inspected once a week by an employee of the Alaska Oastineau 
Mining Co. 

Discharge measurements. — ^At extremely high stages, made from gaging bridge 
two-tenths mile downstream from gage; at low stages, made by wading near 
bridge section. No streams enter between gage and measuring section, but 
seepage inflow ranges from a small amount to 10 per cent of total flow, the per- 
centage of inflow usually being large after periods of heavy precipitation. 

Channel and control. — ^The station is near the lower end of a flat basin through 
which the stream meanders in a channel having low banks and a bed of sand 
and gravel. An artificial control was built 2 feet below the intake for the gage 
well, to confine the flow in one channel during high water and to insure a per- 
manent stage-dischaige relation. The spillway of the control at low stages con- 
sists of a timber, 16 feet long, set in the bed of the stream. During medium and 
high stages another timber, 8 feet long, bolted at the top near the right end, forms 
part of the control. A 3-foot cut-off wall is driven at the upstream face of the 
spillway. There are wing walls at each end, and an 8-foot apron extends down- 
stream from the control. 

Ice. — Control covered with ice and snow for short period. 

Extremes op discharge. — ^Maximum stage during year, 2.52 feet, at l^a. m. October 
6 (discharge, estimated from extension of rating curve, 490 second-feet) ; minimum 
stage, —0.48 foot March 31 to April 2 (discharge, 4.0 second-feet). 

1916-1919: Maximum stage during period, 3.6 feet, at 2 p. m. September 26, 
1918 (dischazge, estimated from extension of rating curve, 820 second-feet); 
minimum flow, 1.0 second-foot, April 6-8, 1917. 

AccuRACT. — Stage-discharge relation, between 0.5 and 1.2 feet, changed January 8. 
Rating curve used January 1-^, fairly well defined below 700 second-feet; curve 
used January 9 to December 31 fairly well defined. Operation of water-stage 
recorder satisfactory except for periods indicated in footnote to daily-discharge 
table. Daily dischaige ascertained by applying to rating table mean daily gage 
height determined by inspecting gage-height graph, or,, for days of considerable 
fluctuation, by averaging results obtained by applying to rating table mean gage 
heights for regular intervals of the day. Records fair. 



Discharge measweTnents of Sheep Creek near Thane during 1919. 

[Made by 0. H. Canfleld.] 



Date. 



Jan. 25. 
Feb. 11 
Mar. 20 
Apr. 17 
May 13 



Oaee 
height. 


Dis- 
charge. 


Feet. 


Sec-ft. 


0.66 


18 


.30 


9.0 


-.40 


4.6 


.65 


16 


.92 


62 



Date. 



Julyl.. 
Aug. 20. 
Oct. 22. 
Dec. 11. 



Dis- 
charge. 
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t 

Daily disdiorge, in Mcond-fwi, ofShmp Cnek near Thane for 1919. 



Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


JmM. 


July. 


Aug. 


Bept. 


Oct. 


Not. 


Dee. 


1 


22 

22 
21 
19 
16 

38 
68 
75 
68 
54 

48 

46 
41 
38 
35 

31 
27 
23 
21 
19 

19 
19 
19 
18 
18 

18 
17 
16 
10 

10 

15 


IS 

11 
9.3 
9.2 
9.0 

8.5 
8.4 
8.3 
8.1 
8.0 

7.9 
7.8 
7.7 
7.6 
7.5 

7.3 
7,2 
7.1 
7.1 
7.0 

6.9 
6.8 
6.7 
6.6 
6.6 

6.6 
6.6 
6.6 


6.6 
6.4 
6.8 
6.2 
6.0 

""i.h' 

4.5 
4.4 
4.4 

4.3 
4.3 

4.2 
4.2 
4.1 

4.1 
4.0 
4.0 


4,0 
4.0 
4.9 
5.9 
7.0 

8.3 
9.0 

12 

15 

16 

16 
16 
16 
17 
18 

18 
17 
18 
18 
19 

22 
22 
25 
23 

61 

84 
86 
68 
59 
60 




41 
35 
82 
31 
80 

30 
84 

50 
61 
52 

50 
52 
54 

68 
86 

91 
79 
82 
96 
96 

84 
77 
72 
72 
84 

77 
68 
61 
54 
54 
54 


61 

70 

84 
88 


72 

72 

96 

106 

106 

124 
184 

108 
106 
115 

108 
105 

lis 

115 
108 

91 
88 

94 
91 
88 

86 
82 
79 
77 
77 

n 

86 

96 

108 

96 
79 


72 

63 
61 
68 
72 

68 
61 
72 
91 
77 

70 
63 
72 
113 
96 

96 

77 

72 

141 

118 

88 
77 
68 
61 
59 

52 

63 
68 
88 
68 
54 


41 
86 
86 
84 
84 

32 
84 

84 

68 

108 

64 

56 
944 
121 

88 

72 
96 
96 
84 
79 

251 
113 
108 
252 
176 

121 

94 
72 
68 
56 


46 

72 

210 

164 

822 

879 
282 

146 

111 

91 


19 
. 16 
17 
17 
16 

15 
15 
15 




2 




3 




4 




5 




6 




7 




8 




9 


14 


10 


14 


11 


14 
13 
13 
13 
19 


13 


12 


18 


13 


12 


14 


12 


16 


12 


16 


12 


17 






15 


18 






25 


19 


15 


20 






16 


21 


40 
40 
86 

84 
84 

88 

37 
26 
23 


68 
58 
88 
25 

■■■•••• 


16 


22 


16 


23 


15 


24 


15 


25 


19 


26 


1 
35 


27 


as 


28 


22 


29 


19 


30 


17 


31 


I » 




i. ..... . 





Note.— Dally dLscharge Jan. 10-34 and Mar. 1-5 estimated, because of unaatls&Mstory operatins of gass 
by oompariaon with records for Oold Creek. Discharse for lollowing periods estimated from T»t^»»'^"^ 
and mlnimiiTn st^iesshown by gage and comparison with records of flow for Oold Creek: Mar. 6-19» 5 second- 
feet; June 2-3, 80 second-feet; June 8-30, 90 second-feet; Oct. 11-21, 53 second-feet; Nor. 16-20, 60 second-feet; 
Nov. 25-30, 22 second-feet; Dec. 1-10, 18 second-feet; Dec. 30 and 81 as shown in table. 



Monthly discharge of Sheep Creek near Thane for 1919. 



January 

February... 

March , 

April 

May 

June 

July 

August 

September.. 

October 

November.. 
December... 



Month. 



The year. 



Discharge in seoond-feet. 



Maximum. 




86 
96 



134 
141 
252 
379 



35 

379 



4.0 
80 



72 
52 
32 
23 
13 



29.6 
7.87 
4.92 
25.3 
61.4 
86.8 
96.3 
76.3 
91.8 
86.8 
28.2 
17.5 

51.3 



Runoff in 
acre-feet. 



1,830 
437 



1,510 
3,780 
5,160 
6,930 
4,680 
5,460 
5,340 
1,680 
1,080 

37,200 
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GOLD OBXEK AT STHntAU, , 

Location. — ^At highway bridge at lower end of Last Chance basiu, 200 feet upstream 
from diversion dam of Alaska Electric Light & Power Co. and one-fourth mile 
from Juneau. 

Drainage area. — ^9.47 square miles (deteirmined by engineering department of 
Alaska Gastineau Mining Co. from surveys made by that company). 

Records availahlb. — July 20, 1916, to December 31, 1919. 

Gage. — Stevens continuouB water-stage recorder on left bank at upstream side of 
highway bridge. A staff gage was installed September 19, 1916, on left wing 
wall of diversion dam 200 feet downstream and used in determining the time of 
changes in stage-discharge relation at the well gage. 

Discharge meastjrembnts. — At medium and high stages made from gaging bridge 
suspended, at right angles to current, from floor of highway bridge; at low stages, 
made by wading near gage. 

Channel and control. — Station is at lower end of a flat gravel basin three-fourths 
mile long. For 20 feet upstream from gage the stream is confined between the 
abutments of an old bridge, and for 15 feet downstream it is confined between the 
abutments of present bridge. For a distance of 130 feet farther downstream the 
stream is confined in a narrow channel which is not subject to overflow. Because 
of the steep gradient of channel opposite and for 150 feet below gage, a short 
stretch of the channel immediately below the gage acts as the control. The 
operation of the headgates of flume at diversion dam, 200 feet downstream, does 
not affect the stage-discharge relation at gage, but the swift current during high 
stages shifts the gravel in bed of stream, thereby causing changes in the stage- . 
discharge relation. 

Extremes of discharge. — Maximum stage recorded during year, 4.9 feet at 2 p. m., 
September 13 (discharge, computed from extension of rating curve, 1,300 second- 
feet); minimum flow, estimated by discharge measurements and climatic data, 
2 second-feet, March 15-28. 

1916-1919: Maximum stage, 6.8 feet September 26, 1918 (discharge estimated 
from extension of rating curve, 2,600 second-feet); minimum discharge, 0.9 
second-foot March 26, 1918. 

Ice. — Stage-discharge relation affected by ice in February, March, and April. 

DivERsiGN. — Water diverted at several points upstream for power development is 
returned to creek above gage, except about 20 second-feet for seven months (when 
there is a surplus over amount used by Alaska Flectric Li^t dc Power Co., which 
has prior right) and 1 second-foot the remainder of year, used by the Alaska- 
Juneau Gold Mining Co. A dam 200 feet downstream diverts water into the 
flume of the Alaska Electric Light & Power Co. 

Regulation. — No storage or diversions above station regulate the flow more than 
a few hours in low water. 

Accuracy. — Stage-discharge relation changed during periods of high water; 13 dis- 
charge measurements were made during year, by use of which rating curves 
have been constructed applicable as follows: January 1 to June 21, well defined 
below and fairly well defined above 70 second-feet; June 22 to September 13, 
fairly well defined; September 14-24 (a. m.), poorly defined by one discharge 
measurement; September 24 (p. m.)to November 17, fairly well defined by two 
discharge measurements; November 18 to December 31, fairly well defined by 
two di&charge measurements. Operation of water-stage recorder satisfactory 
except for periods indicated in footnote to daily-discharge table. Daily discharge 
ascertained by applying to rating table mean daily gage height determined by 
inspecting gage-height graph, or, for days of considerable fluctuations, by. aver- 
aging results obtained by applying to rating table mean gage heights for equal 
intervals of the day. Records fair. 
7230°— 21— Bull. 714 12 
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DMiarge measuremenU o/Oold Creek at Juneau during 1919. 

[Ifade by 0. H. Canfield.] 



Date. 



Jan. 24. 
Feb. 10. 
Ifar.l4. 
Apr. 4.. 
18. 



Qase 
hd^t. 



FeeL 
a89 

.78 
a. 70 
a.98 

.92 



Di9- 
charse. 



See.-fi. 
14.5 
ia5 
2.1 
17.0 
14.6 



Date. 



May 10. 
Julyl.. 
Aug. 6.. 
8ept. 15 
Oct. 15. 



1 

Gage 
height. 


1 
Dis- 
charge. 


Feet, 


Stc-fU 


1.37 


59 


1.88 


162 


1.86 


151 


8.16 


173 


1.0B 


46 



Date. 



Nov. 19 

28. 

Dec. 27. 



aace 
tiei^t. 



Dis- 
charge. 



FttL 
1.35 
.71 
.92 



Sec-fL 
116 
24 

46 



a Control and measuring section frosen over. 
Daily dieeharge^ in uamd-feet, of Gold Creek at Juneau for 1919. 



Day. 


Jan. 


Feb. 

12 
11 
11 
11 
10 

10 
10 
10 
10 
10 


Mar. 


Apr. 


May. 

48 
89 

32 
27 
22 


JUMb 


July. 


Aug. 


1 
Sept. 


Oct 


Nov. 


D<c. 


I 


16 
22 

19 
18 
20 

45 

71 
86 
62 
55 

46 
3i 
31 
27 
25 

21 
19 
19 
19 
19 

16 
14 
11 
14 
11 

14 
14 

13 
13 
13 
12 


• 




88 

109 
187 
118 
109 

96 

96 

97 

114 

147 

158 
161 
170 
143 
137 

143 
147 
137 
161 
216 

240 
225 
210 
210 
210 

222 
225 

198 
180 
167 


158 
153 
231 
270 
256 

800 
880 
246 
270 
286 

285 

264 
309 
840 
276 

208 
185 
216 
210 
198 

206 
196 
196 
180 
162 

196 
225 
255 
300 
255 
190 


167 
147 
140 
16K» 
198 

168 
182 
174 
216 
180 

102 
141 
162 
285 
228 

202 

162 
174 
365 
286 

174 
140 
130 
130 
130 

115 
158 
174 
198 
140 
115 


78 
70 
68 
63 
63 

63 

70 

70 

151 

240 

111 
147 
920 
296 
188 

166 
289 
278 
154 
186 

490 
188 
172 
470 
820 

166 

109 

83 

91 

00 


42 

98 

410 

820 

616 

726 

804 

114 

78 

60 

47 
89 
86 
80 
46 

80 
87 
82 
42 
67 

98 
78 
42 
82 

80 

28 
81 
26 
22 
21 
20 


IS 
18 
U 
18 

12 

12 
12 
20 
18 
18 

18 

46 

230 

125 

134 

99 
63 
45 
30 
29 

30 
29 
27 
25 
22 


ao 


2 






21 


3 






ao 


. 4 






19 


6 






19 


6 






19 


7 








17 


8 








IS 


9 








14 


10 






50 

56 

62 

62 

77 

118 

137 
109 
109 
147 
162 

118 
99 

<a 

106 
122 

. 102 
84 
77 

72 
71 
77 


14 


11 






12 


12 








12 


13 








12 


14 








12 


15 








U 


18 








16 


17 








41 


18 




""••••• 




72 


19 








33 


20 








23 


21 




....... 




19 


22 








17 


23 








25 


21 








42 


25 


* • • 






6B 


26 








93 


27 








49 


28 








36 


29 • 









29 


30 








2S 


31 








27 



Note.— Water«tage record lopt for folkndng periods: disdutfgft estimated from thrre diacbarge measure 
mpnts-frnm climatic records for Juneau, and oy comparison vith bjdrogrHphs or other stations: Feb. 
11-28. 9 secood-foet; Mar. 1-31, 6 aeooLd-feet: and Apr. 1-^, 35 seoond-feet. Operation of watcir«feigeraoorder 
unsatisfactory for following porlodsi discbarge estimated by comparison with records for Sheep Creeb 
May 6-0| 50 second-feet; Aug. 11-20, as shown in table. 

Monthly discharge of Gold Creek at Juneau for 1919, 



Month. 



Discharge in second-fset. 



January... 
February.. 

March 

April 

May 

June 

July 

August 

SeptemMr. 

October 

November. 
December. 



The year. 



Maximum. 



80 



153 
2(0 
310 
36,^ 
490 
725 
230 



735 



Minimum. 



12 



22 

8S 
153 
115 
60 
20 
12 
12 



Mean. 


26.6 


9l54 


5 


35 


7^8 


159 


237 


176 


192 


115 


08.0 


27.0 



92.2 



Run-off in 
acTP-feet. 



530 

307 

2,060 

4,910 

9,1«0 

14,600 

lo.aoo 

11,400 
7,07C 
2,330 
1,660 

86,800 
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FALLS OKSEK AT SnOKXL, HSAB OHIOSAOOF. 

Location. — One-eighth mile above beach, on stream that enters tidewater half a 
mile northeast of camp of Alaska Nickel Mines Co., 20 miles by water northwes 
of Ohichagof, on west coast of Ghichagof Island. 

Drainage area. — Not measured. 

Records available. — ^May 6, 1918, to December 31, 1919. 

Gage. — Stevens water-stage recorder on left bank one-eighth mile above beach. 

DiBCHAROB MEA8URE1CBNT8. — At medium and high stages, made from cable across 
stream 500 feet above gage; at low stages, made by wading in channel exposed at 
beach at low tide. 

Channel and control. — ^The gage is 20 feet upstream from rectangular weir, the 
crest of which is 2 feet above bed of stream, 2 inches wide, and 40 feet long. At 
the cable section the bed is smooth, the water is deep, and the current is regular 
and sluggish. 

Extremes of stage. — Maximum stage recorded during period, 3.45 feet at 3 p. m. 
September 26, 1918; minimum stage recorded, 0.18 foot Btarch 12, 1919. 

Ice. — Stage-discharge relation affected by ice forming on crest of weir. 

Accuracy. — Stage-dischaxge relation permanent; affected by ice Janxiary 18, February 
25 to March 4, 1918 . Sufficient discharge measurements not yet available to define 
rating curve. Operation of waternstage recorder satisfactory except for following 
periods; November 24-30, December 29, 1918, January 18, to February 8, March 
23 to April 3, April 28 to May 3, May 4 to 17, July 22-27, August 11-15, Sep- 
tember 24, and December 17-27, 1919. Mean daily gage height determined by 
inspecting gage-height graph, or, for days of considerable fluctuation, by averag- 
ing mean gage heights for regular intervals of the day. 

Cooperation. — ^The gage and weir were installed by the Alaska Nickel Mines Co., 
and the cable and car by the United States Geological Survey in cooperation with 
the company which also furnished the gage-height record and most of the dis- 
charge measurements. 

Diicharge measurements of Falls Creek at Nickel during 1918-19. 



Date. 


Made by- 


Gage 
heii^t. 


' 1 
Dis- 
charge. 


Date. 


Made by— 


beiSat. 


Dis- 
charge. 


1918. 
June 10 


n. TT, HanflAM 


Feet 

092 

.96 

,52 

.56 


aec'ft. 

90 

100 

38 

48 


1919. 
Jan. 10 
Feb. 21 


Kimball 


Feet. 

60.70 

».44 


8ee.-fL 
28 


11 
July 8 
D«c. 80 


do 

F. B. Fleming o 

Klmbolla 


do 


34 









a Employee of Alaska Nickel Mines Co. 
b Stage-discharge relation affected by ice. 
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Daily gagr height, infect, of Falls Cre^k at Nickel for 1918-19. 



Pay 


May. 


June. 


July. 


Aug. 


Sept. 


Oct 


Nov. 


I>ec 


191S. 
I 




1.07 
.94 
.86 
.81 
.81 

.84 
.91 
.99 
1.00 
.93 

.95 
.93 
.87 
.83 
.81 

.75 
.70 
.67 
.63 
.67 

.65 

.61 
.60 
.66 
.71 

.73 

.75 

.75 

1.07 

1.33 


1.01 
.86 
.77 
.71 
.65 

.50 
.56 
.54 
.53 
.49 

.66 
.68 
.60 
.55 
.51 

.48 
.46 
.44 
.43 
.43 

.40 
.38 
.37 
.37 
.36 

.35 
.46 
.63 
.50 
.55 
.66 


0.50 
.55 
.51 
.48 
.46 

.53 
.67 
.60 
.68 

.53 

.60 

:8 

.97 
.75 

.75 
.93 
.78 
.75 
.78 

1.03 
1.30 
1.33 
1.61 
1.43 

1.15 
1.00 
1.26 
1.30 
2.24 
2.46 


1.60 

1.10 

.70 

.55 

.50 

.45 

.43 
.40 
.83 
.68 

.60 
.55 
.52 
.48 
.60 

.70 
1.39 
1.70 
1.30 

.97 

.78 
.65 
.93 
.75 
1.36 

3.48 

1.87 

1.37 

.95 

.73 


0.63 
.60 
.76 
.78 
.60 

.62 
.67 
.60 
.65 
.52 

.50 
.95 
.87 
1.10 
.88 

.75 
.88 
.98 
.90 
.78 

.72 
.62 
.50 
.65 
.63 

1.07 
.88 
1.30 
1.18 
1.28 
1.20 


1.15 
.89 
.73 
.87 

2.70 

3.35 

1.48 

1.07 

.84 

.70 

.73 

.88 
.75 
.70 
.60 

.59 
.54 
.46 
.43 
.57 

.76 
.83 
.85 


1.70 


2 


1.43 


3 


1.07 


4 


.87 


5 




.79 


6 


1.10 
.92 
.87 


.98 


7 


.70 


S 


.61 


9 


.57 


10 


.87 

.94 
.98 
.98 
.97 
.02 

.88 
.83 
.83 
.77 
.70 

.75 
.70 
.70 
.70 
.73 

.76 
.77 
1.54 
1.81 
1.51 
1.34 


.52 


11 


.4^ 


12 


.45 


13 


.42 


14 


.43 


i;, 


41 




.67 


17 


• 7»j 




.68 


19 


.62 


20 


.64 


21 


1 23 


22 


1.20 


2\ 


1.30 


24 


1.0$i 


25 


1.16 




1.07 


27 


.S5 


2'< 


.70 


20 






. 


.56 


.HI 


t .52 




1 



Da-. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec 


1919. 

1 


0.67 

1.07 

.90 

.82 

.92 

1.64 
1.57 
1.45 
1.15 
.96 

.86 
.71 
.65 
.60 
.52 

.48 
.82 


'"o.'if 

.45 

.37 

.34 
.35 
.39 

.38 

.36 
.37 
.62 
.66 
.52 

.46 
.45 
.39 
.35 
.34 

.29 
.45 
.65 


0.76 
.68 
.63 
.56 
.26 

.30 
.31 
.38 
.45 
.37 

.38 

.23 
.35 
.55 
.65 

.70 
.67 
.68 
.67 
.80 

1.07 
.81 






a 61 
.66 
.69 
.67 
.66 

.65 
.62 

.58 
.58 
.57 

.67 
.67 
.60 
.63 
.62 

.58 
.56 
.55 
.56 
.60 

.60 
.60 
.60 
.58 
.56 

.53 
.51 
.51 
.49 
.47 


0.45 
.44 
.48 
.52 
.52 

.63 

.60 
.67 
.60 
.76 

.78 
.76 
.88 
.88 
.76 

.66 
.62 
.63 
.59 
.61 

.63 

'".'46' 
.37 
.36 
.36 


a36 
.35 
.34 
.34 
.42 

.37 
.35 
.55 
.75 
.66 

.78 

.70 

.80 

1.20 

1.15 

.85 
.70 
.60 
.55 
.46 

.42 

.58 

.75 

1.02 

1.08 

.98 


a78 
.62 
.54 
.48 
.42 

.39 

.38 

.36 

1.02 

1.05 

.80 
1.48 
2.73 
1.95 
1.25 

1.00 
1.28 
1.40 
1.05 
.93 

1.65 
1.19 
1.08 

"'Leo" 

1.13 
.85 
.85 
.75 
.66 


0.58 

1.73 

2.6 

2.3 

2.3 

2.8 

2.00 

1.32 

.95 

.94 

.77 

.68 
.64 
.56 
.50 

.55 
.53 
.72 
.70 
1.29 

1.16 
.88 
.72 
.64 
.57 

.59 
.62 
.56 
.57 
1,10 
.70 


0.63 
.51 
.46 
.43 
.38 

.35 
.33 
.40 
.33 
.30 

.30 
.33 
.64 
.52 

.67 

.71 
1.00 
1.54 
1.34 
1.50 

1.09 
.87 
.70 
.50 
.52 

.4S 
.46 
.45 
.46 
.41 


39 


■> 






36 


:\ 






.36 
37 


1 


0.71 
.75 

.75 
.68 
.65 
.64 

•^ 
.55 
.52 
.52 
.52 
.49 

.46 
.59 
.67 
.75 
.75 

.72 
.66 
.74 
.71 
1.41 

1.68 
1.65 


0.53 

'■".'si* 

.96 
1.24 

1.04 
.89 
.78 
.80 

.88 

.80 
.74 
.74 
.60 
.64 
.61 


, \ 


.45 
65 


c 


i 


49 


*; 


47 


n 


70 


10 


72 


11 


.60 

.50 

.44 

34 


u 


\?, 


\\ 


If) 


.55 
1.12 


r. 

17 


18 




19 






20 






21 




22 1 




2J 






24 






2.5 






20 






27 






:8 




.66 

.60 

1.34 


29 






30 




. 


31 1 




1 


1 


1 




1 




1 



Note.— For follo.vinj; neriods water-stage recorder did not operate satisfactorilv, but maximum and roini> 
main stages were recorded: Nov. 24-30, 1918: Miximuin stage, 1.90 feet: minimum. 0.83 foot. Jan. IS to 
Feb. 8: Maximum stage, 0.88 foot; minimum, 0.83 foot. Mar. 23 to Apr. 3: Marlmnm stage» 0.90 foot- 
minimum, 0.22 foot. 
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POBOmnHE ORSBK VZASL HIOSBL. 

Location. — Half a mile above beach, on stream that enters tidewater at head of 
Porcupine Harbor, 4 miles northwest of camp of Alaska Nickel Mines Co., which 
is 20 miles by water northwest of Chichagof, on west coast of Chichagof Island. 

DsAiNAOE AREA. — Not measured. 

Records available. — ^May 20, 1918, to December 31, 1919. 

Gage.— Stevens water-stage recorder on left bank of stream half a mile above beach. 

DiBCHAROE MEASUREifENTs. — At medium and%high stages, made from cable across 
stream 150 feet above gage; at low stages, made by wading near control. 

Channel and control. — ^The gage is located at edge of deep pool formed by con- 
traction of channel where stream passes over exposed bedrock and descends in 
a series of small falls. The head of these falls forms a well-defined and perma- 
nent control. At the cable section the bed is rough, the water is deep, and the 
current is sluggish and irregular, because 15 feet above cable the stream widens 
into a small lake. 

Extremes of stage. — 1918-19: Maximum stage re<^orded during period, 3.35 feet 
at 10 a. m. November 6, 1918; minimum stage recorded, 0.37 foot March 19 and 
28, 1919. * ^ 

Ice. — Stage-discharge relation not affected by ice. 

Accuracy. — Stage-discharge relation ^rmanent, affected by ice only February 25. 
Sufficient discharge measurements not yet^ available to define rating curve. 
Operation of water-stage recorder satisfactory except for following periods: July 
22 to August 4, November 30 to December 23, 1918, May 10-13, July 26-30, Octo- 
ber 5-8, 24-31, and December 1-17, 1919. Mean daily gage heights determined 
by inspecting gage-height graph, or, for days of considerable fluctuation, by 
averaging mean gage heights for regular intervals of the day. 

Cooperation. — ^The gage was installed by the Alaska Nickel Mines Co., and the 
cable and car by the United States Geological Survey in cooperation with the 
company, which also furnished gage-height graph and 4 discharge measuren^nts. 

Discharge measurements of Porcupine Creek near Nickel during 1918-19. 



Date. 


Made by- 


hei^t. 


Dis- 
charge. 


Date. 


Made by— 


Gasre 
height. 


Dis- 
charge. 


1918. 
June 12 


• 

f^r Ht c»nP*H 


Feet. 
1.60 
.96 


See.-)i. 

140 

68 


1919. 
Jan. Id 
25 
liar. 1 


Kimball 


Feet. 
1.30 
.94 
.63 


8ec.-lt. 
112 


Auk. 5 


F- ft- FiAxning 


do 

do 


69 






36 
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Daily gage height, in/eel^ of Porcupine Creek near Nidtel/or X91S^19. 



Dty. 


May. 


June. 


July. 


Aug. 


Sept. 


Oet 


Nor. 


Dvc 


1018. 
1 




1.88 
1.78 
1.70 
1.64 
• 1.60 

1.60 
1.60 
1.63 
1.64 
1.63 

1.63 
1.60 
1.55 
1.53 
1.63 

1.48 
1.44 
1.41 
1.37 
1.36 

1.34 
1.30 
1.28 
1.28 
1.30 

1.30 
1.30 
1.32 
1.45 
1.64 


1.50 
1.54 
1.60 
1.46 
1.40 

1.35 
1.88 
1.30 
1.27 
1.25 

1.38 
1.30 
1.26 
1.22 
l.» 

1.18 
1.15 
1.13 
1.10 
1.08 

f.04 


■■■aw* 

.06 
1.07 
1.10 
1.08 
1.06 

1.03 
1.08 
1.85 
1.33 
1.33 

1.33 
1.33 
1.30 
1.33 
1.40 

1.55 

1.65 
1.86 
1.01 
1.86 

1.75 

1.81 

1.00 

3.37 

8.0 

3.76 


3.36 
3.05 
1.84 
1.60 
1.57 

1.47 
1.37 
1.30 
1.34 
1.86 

1.31 
1.30 
1.35 
1.30 
l.U 

1.33 
1.60 
1.80 
1.80 
1.68 

1.67 
1.48 
1.62 
1.45 
1.70 

3.6 

3.0 

3.46 

3.15 

1.00 


1.70 
1.60 
1.62 
1.62 
1.55 

1.48 
1.44 
1.43 
1.38 
1.32 

1.28 
1.41 
1.47 
1.53 
1.51 

1.46 
1.46 
1.65 
1.62 
1.48 

1.43 
1.35 
1.80 
1.30 
1.27 

1.37 
1.30 
1.68 
1.60 
1.73 
1.80 


1.83 
1.73 
1.60 
1.63 
3.47 

3.25 

2.8 

2.40 

XIO 

1.85 

1.72 
1.67 
1.58 
1.9 
1.45 

1.40 
1.33 
1.25 
1.20 
1.22 

1.27 
1.38 
1.38 
1.42 
1.43 

1.57 
1.63 
L62 
1.82 
1.85 

******** 




3 






3 






4 






6 






6 






7 






8 









•«•••«•• 




10 
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13 
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17 












10 






30 






31 


1.24 
1.23 
1.33 

l.» 
1.30 

1.30 
1.31 
1.50 
1.01 
3.03 
1.06 




33 




33 




34 


1.46 




1.49 


t 


1.57 


37 


1.49 




1.43 


20 


1.34 




1.29 


31 


1.22 











n^y. 



1010. 



1. 

2. 
3. 
4. 

5. 

6. 

7. 

8. 

0. 

10. 

11. 
12. 
13. 
14. 
16. 



Jan. 



16. 
17. 
18. 
10. 
30. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
20. 
30. 
31. 



1.20 
1.86 
1.37 
1 36 
1.38 

1.67 
1.00 
1.05 
1.01 
1.80 

1.71 
1.60 
1.50 
1.45 
1.37 

1.20 
1.28 
1.16 
1.10 
1.05 

1.05 

1.03 

.08 

.05 

.94 

.87 
.90 

.88 
.87 
.85 
.83 



Feb. 



aso 

.77 
.76 
.78 
.70 

.68 
.67 
.65 
.66 
.67 

.65 
.68 
.61 
.62 
.62 

.60 
.67 
.70 
.75 
.09 

.06 
.64 
.63 
.60 
1.44 

.55 
.53 
.52 



Iter. 



0.60 
.40 
.48 
.45 



.45 
.46 
.46 
.62 
.40 

.47 
.50 
.45 
.43 

.40 

.40 
.40 
.89 
.38 
.43 

.50 
.46 
.46 
.44 
.43 

.40 
.39 
.38 
.41 
.46 
.61 



Apr. 



0.68 
.71 
.74 
.78 
.78 

.81 
.81 
.81 
.81 
.80 

.80 
.81 
.81 
.81 
.80 

.70 
.81 
.8(B 
.88 
.00 

.03 
.03 
.04 
.04 
1.10 

1.37 
1.65 
1.54 
1.48 
1.44 



May. 



1.38 
1.33 
1.38 
1.23 
1.21 

1.21 
1.22 
1.23 
1.26 



1.21 
1.23 
1.20 

1:33 
1.31 
l.») 
1.35 
1.50 

1.50 
1.48 
1.44 
1.41 
1.44 

1.42 
1.38 
1.34 
1.32 
1.28 
1.22 



June. 



1.28 
1.2B 
1.25 
1.22 
1.20 

1.18 
1.16 
1.14 
1.12 
1.12 

1.11 
l.U 
1.10 
1.10 
1.11 

1.10 
1.10 
1.10 
1.10 
1.11 

1.13 
1.13 
l.U 
1.16 
1.15 

1.13 
1.12 
l.U 
1.11 
1.00 



July. 


Aug. 


1.07 


0.06 


1.04 


.04 


1.04 


.02 


1.07 


.01 


1.07 


.02 


1.00 


.02 



Sept. 



1.00 


.02 


1.18 


.80 


1.18 


.85 


1.14 


.08 


1.17 


1.00 


1.27 


1.00 


1.28 


.08 


1.34 


1.08 


1.39 


1.18 


1.38 


1.16 


1.86 


1.26 


1.38 


1.23 


1.31 


1.22 


1.28 


1.43 


1.26 


1.50 


1.26 


1.46 


1.25 


1.40 


1.21 


1.33 


1.19 


1.27 


1.14 


1.20 




1.16 




1.18 




1.25 




1.36 




1.50 


.97 


1.55 



1.50 
1.45 
1.87 
1.30 
1.24 

1.16 
1.12 
1.08 
1.25 
1.40 

1 32 
1.45 
2.75 
2.08 
2.52 

2.23 
2.15 
2.35 
2.15 
1.95 

2.36 
2.15 
2.10 
2.50 
2.70 

2.35 
2.08 
1.06 
1.88 
1.70 



Oot. 



1 63 
2.05 
2.86 
8.18 



Nov. 



2.50 
2.28 

2.03 
1.38 
1.60 
1.61 
1.54 

1.46 
1.40 
1.38 
1.37 
1.57 

1.71 
1.73 
1.58 
1.46 
1.43 

1.33 
1.30 
1.27 
1.24 
1.44 
1.35 



1 33 
1.32 
1 33 
1.28 
1.2s 

1.23 
1.18 
1.05 
1.13 
l.U 

1.04 
1.01 
1.00 
1.06 
111 

1.11 
1.24 
1.47 
1.60 
1.72 

1.70 
1.05 

1.88 



Dec 



1.44 
1.39 
1.36 

1.36 



41 
43 

58 
66 



1.81 
1.78 
1.69 
1.61 
1.51 
L61 
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MISCEIiliANEOUS MKASTJREMEXTS. 

Miacdlaneou3 diicharge vMtuwremenU in southeastern Alaska in 1919, 



Date. 


Stream. 


Tributary to^ 


LooaUty. 


Di»- 
charge. 


Apr. 11 


Spruce Creek 

do 


Windham Bay.... 
do 


Month of creek 


See.-ft. 
16.6 


July 12 


At bridge near mill of Alaska Peerleoe Gold 
MiDing Co., half a mile above mouth of creek. 


38.6 











WATER POWER ON CERTAIN STREAMS IN SOUTH- 
EASTERN ALASKA. 

Owing to the great variation in flow of streams in southeastern 
Alaska, storage is an important factor in determining the power 
that can be developed and the cost of development. The amount 
of possible storage is generally estimated, because few local maps or 
sketches of river basins are available. 

In the following table the estimates of ahhual flow at gaging sta- 
tions are based on records prior to October 1, 1918. The flow at the 
point of diversion to the power plant is estimated from the records 
for gaging stations, by comparison with records for other streams, or 
from precipitation data. The ''annual flow" is that for the climatic 
year ending September 30. The effective head is the elevation of the 
lake or dam site above high tide plus two-thirds of the head created 
by the dam minus 10 feet (elevation of nozzles of impulse turbines). 
Hie estimates of available power are based on continuous and com- 
plete utilization of a plant having an efficiency of 80 per cent. 

The following abbreviations are used in the table: 

A. B. S., Alaskan Boundary Sunrey mape. 

U. S. G. S., U. S. Geological Survey topographic maps. 

U. 8. F. S., U. S. Forest Service topographic maps. 

U. S. F. 8. R., U. S. Forest Service timber reconnaisaance maps. 
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MINING IN CHITINA VALLEY, 



By Fred H. Moffit. 



INTRODUCTION. 

All the mining districts in Chitioa Kiver valley were visited by 
the writer in 1916 and were described in an account published as 
part of the report on the progress of investigations in Alaska for 
that year.* Since then no description of individual mining properties 
in the region has appeared in publications of the United States 
Geological Survey, although G. C. Martin visited some of the prop- 
erties in 1918 during a rapid journey through parts of Alaska and 
incorporated the results of his observations in the report on the 
investigation of Alaskan mineral resources for 1918. Material for 
the present account was collected by the writer during the early 
part of September, 1919, and the paper is presented as a report on 
progress in mining development rather than as a detailed descrip- 
tion of ore deposits. 

Mining in this region, as in all other parts of Alaska, was greatly 
affected by conditions that arose from the war. Prospecting practi- 
cally ceased during war time, and even the assessment work on many 
claitns was omitted under exemption allowed by laws passed for the 
relief of owners during the war. The scarcity of labor and the high 
cost of mining equipment and supplies made it unprofitable or at 
times impossible to carry on development work at some properties, 
which were allowed to lie idle. 

The principal mining activity in the region in 1919 was on Kusku- 
lana River, at Kennicott, and on Dan and Chititu creeks, in the 
Nizina district. No assessment work had been done on Elliott Creek 
and on Kotsina Kiver up to the later part of September, but prepara- 
tions were being made to do such work before January, 1920, for the 
new regulation regarding assessm'ent work for 1919, as it was passed 
late in the summer, exempted no more than five claims in one holding 
and thus made it necessary for some claim owners to do assessment 
work who had not planned to do it in 1919. 

1 Mofflt, F. H., Milliner in the lower Copper Blver basin : U. S. Qeoi. Surrey Bull. 662, 
pp. 155-182, 1018. 
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KUSKUI^ANA RIVBB. 

Development work in the Kuakulana Biver ytUej in 1919 was 
done principally on three propertie&— the Alaska Copper Ca's prop- 
erty on Nugget Creek, the North Midas Copper Co.'s property on 
Berg Creek, and ,the Chitina-Kuskulana Copper Co.*^ prqierty on 
Bigf oot Creek. The North Midas Co., which produced a small quan- 
tity of silver and gold, was the only company to do more than ex- 
ploratory work. Some prospecting was done on Slatka Creek, where 
a little placer gold is contained in the gravels and where the presence 
of float gold has been known for some time. 

The Alaska Copper Co., which owns the claims staked on Nugget 
Creek by James McCarthy in the early days of exploration in this 
district, after making a careful mine test of the copper-bearing vein 
which originally cropped out on the Valdei daim, decided to stop all 
devek>pment work and removed the machinery and equipment from 
the ground to Strelna. The developments on this property include 
about 4,000 feet of drifts, crosscuts, and shafts. The work dis- 
closed a well-defined copper-bearing fault lone, which contained 
principally bomite and chalcopyrite. The vein near the surface coQ- 
sisted largely of high-grade ore, all of which was removed tnd 
shipped to the smelter, but it did not maintain its high copper con- 
tent in the lower levels, and for that reason the ground was aban- 
doned. Gold and silver are constituents of the ore, and a little 
native copper accompanied the copper sulphides in parts of the vein. 
The greatest depth below the outcrop of the Valdez claim attained 
by the workings is 420 feet, and the writer was informed by the 
manager that the relative quantity of chalcopyrite as compared with 
bomite in the lower levels was less than in the upper levels. Since 
1916 about 160 tons of concentrates and hand-sorted ore have been 
shipped to the smelter. Previous shipments consisted of about two 
carloads of hand-sorted ore. 

The mine was equipped with a mill, a small hoist, power drills, 
a drill sharpener, and other machinery. Power for the drills and 
hoist was furnished by two semi-Diesel engines. The mill contained 
a coarse crusher, one fine crusher, two jigs, and two tables. All this 
equipment, together with all other movable property, was hauled 
to Strelna on automobile trucks during the later part of the stixoxnet- 
A good road suitable for automobile travel was constructed at con- 
siderable expense between the mine and Strelna, on the CopPf 
River & Northwestern Railroad, in 1917 and 1918, and has been '^ 
use for the last two seasons. This road for part of its length is ^^ 
the line of the horse trail from Strelna into Kuskulana Valley, snd 
is available for use by all the people in the valley. It is now in p^^ 
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condition because of heavy traffic in wet weather and should be re* 
paired if it is to be preserved for automobile travel. 

The North Midas Copper Co.'s property includes 18 lode claims, 4 
placer claims, and a mill site on the east side of Kuskulana Biver 12 
miles from Strelna. The first claims staked in this vicinity were 
located as copper claims and for several years were prospected in the 
hope of developing a copper mine. The ore body now being ex- 
ploited, however, contains silver and gold as well as copper and is 
mined for thpse metals rather than for copper. The mine is on the 
south side of Berg Creek about 1^ miles from Kuskulana River, ajt.an 
elevation of 850 feet above the river bars. The ore body consists of 
quartz and a minor quantity of calcite containing arsenopyrite, 
pyrite, and chalcopyrite. It was deposited along a fault plane, cut- 
ting rocks which are prevailingly Ught-gray diorite, locally por-' 
phyritic, and dark-green fine-grained diorite. These rocks are in one 
of the major zones of faulting of the region and are cut by many other 
faults besides that containing the ore body. In places the tunnels 
also show white ^licified limestone. The strike of the ore body is N. 
70° E., and the dip is about 45° SE. but shows some variation. The 
thickness of the vein ranges from less than a foot to 7 feet. 

Mining has been conducted on two levels 100 feet apart and reached 
by different adits. A short intermediate level has also been driven 
from the upper level. The main upper and lower levels have been 
connected, however, and the ore from the upper level is drawn off 
through the lower level. More than 1,600 feet of levels and adits have 
been driven. 

The gold and silver content is variable in different parts of the ore 
body and ranges from a few dollars to several hundred dollars to the 
ton. The silver is present in greater quantity than the gold and in 
some places has a ratio to gold as great as 4 to 1. The most valuable 
ore is the oxidized part of the vein near the surface. 

A cable tram equipped with buckets having a capacity of 3^ cubic 
feet conveys the ore from the mine to the mill, which is built on a 
terrace near Kuskulana River. This mill has a capacity of 20 tons 
in 24 hours and is driven by water power furnished by Berg Creek. 
A wood pipe line 2,200 feet long carries water from the intake to the 
mill, where it supplies both power and water for milling. The 
tramway was constructed in the spring of 1919 and was not completed 
till the greatest flow of water in Berg Creek was over, and conse- 
quently the mill was operated for only a few days at the end of the 
season. 

Communication with Strelna has been greatly simplified by the 
construction of the road from Strelna to Nugget Creek and of the 
Government bridge over Kuskulana River If miles below the mouth 
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of Trail Creek. The mill is only H miles from the bridge and has 
been connected with the Nu^^et Creek road by a branch road 2^ 
miles long, wliich leaves the main road near the crossing of Squaw 
Creek. This road is available for automobile travel and has been 
used for two summers, but like the main road will require further 
expenditure of work and money before it is in first-class condition. 

The Chitina-Kuskulana Copper Co. owns 21 claims, 5 of which 
are mill sites, on Bigfoot Creek, between Berg and Trail creeks, on 
the southeast side of Kuskulana River, about 13 miles from Strelna. 
Bigfoot Creek is nearly 4 miles long, and most of its course is 
through an area of light-colored porphyritic diorite. Its upper part 
cuts Triassic shales and limestone and Jurassic limestone, sandstone, 
and shale. The mountain northeast of tha creek is all diorite except 
near the head of the stream, where Jurassic sediments overlie the 
igneous rocks. Most of the claims are on the southeast side of the 
creek, where the rocks below the Jurassic sediments are' heavily 
mineralized in many places, principally with magnetite. 

Most of the development work has been done on two claims kncwn 
as the War Eagle and Calcite claims. The War Eagle claim and 
tunnel are on the mountain slope southwest of the creek, 200 t^^ 
above the "middle camp," or 1,300 feet above the "lower camPi 
which is on the bars of Kuskulana River. The tunnel is 200 or 300 
feet above timber line, about 3,400 feet above sea level. It is 1^ 
feet luider cover and cuts a silicified limestone containing da^k 
bands, possibly intrusive dikes, mineralized with pyrite and chalcopy* 
rite and showing green copper stains. Between the tunnel and the 
base of the fJurassic sandstone beds, about 200 feet higher on tn^ 
mountain slope, are large exposures of magnetite, which is older 
than the sandstone, for the conglomeratic beds near the base cont^^^ 
rounded pebbles of the magnetite. 

The Calcite claim and tunnel are high on a sharp, narrow ri<ig^ 
separating Bigfoot Creek from a southern branch of Trail Creek. 
The tunnel, GOO feet lonxr, is at an elevation of about 4,800 feet above 
sea level and lies in or near the contact of a diorite mass on tne 
north and isilicified limestone on the south. These rocks have l>een 

• 

greatly disturbed through faulting, by which the underlying TriaSSic 
limestone and shale have been thrust in a northerly direction over the 
younger Jurassic sediments. The fault doubtless played a large 
part in tlie deposition of the metallic minerals of this creek and or 
Berg Creek. It strikes north-northwest and dips 25° N. to 30° ^• 
It extends at least as far as from Chokosna Kiver to the west side or 
Kuskulana Eiver, and j)robably farther. Both the white altered linie- 
stone, of undetermined age, in the tunnel and the rocks adjoining 
the tunnel are much fractured and sheared along the fracture plaD^' 
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where there is rusty iron-stained gouge and more or less laminated 
rock containing pyrite and copper-bearing pyrite or chalcopyrite. 
Copper staining is abimdant. 

The property of the Chitina-Kuskulana Copper Co. is equipped 
with a power plant situated on the low, timber-covered gravel bars 
within a short distance of Kuskulana Biyer. This plant includes an 
80-horsepower engine, a 125-horsepower wood-burning boiler, a 
62^-kilowatt 3-phase alternating-current generator, and a T^-kilowatt 
exciter. Current is carried to the War Eagle claim, where the com- 
pany has installed a 50-horsepower 3-phase motor, an air compressor, 
air receivers, two piston drills, jack hammers, and other necessary 
equipment, including a drill sharpener. Power drills have not yet 
been used in the Calcite tunnel, but a 6-horsepower gasoline engine, 
a blower, and 600 feet of air tubing are used to provide ventilation 
at the tunnel face. 

The bars of Kuskulana Biver furnish easy communication with 
the bridge over the river and thus with the road to Strelna, making 
it much easier than formerly to get supplies in summer. The Gov- 
ernment bridge recently constructed by the Alasha Boad Commission 
is undoubtedly of great benefit to all the property owners on the 
east side of Kuskulana Biver, for its obviates the difficulty and 
danger of fording that stream, which at times is practically im- 
passable. 

A separate company, named the Mount Wrangell Copper Co. but 
under the same management as the Chitina-Kuskulana Copper Co., 
controls the Copper Queen, formerly the Barus group of claims, 
adjoining the War Eagle group, and also two groups of claims called 
the Broken Leg and the Mineral King groups on Chokosna Biver. 
It is expected that work will be done on the Broken Leg group in 
1920. 

Benito Creek is a small stream flowing into Kotsina Biver from 
the mountains south of Elliott Creek. It is about 9 miles north- 
northwest of Strelna but is reached from that place by trails con- 
siderably longer. Interest in Benito Creek lies in a gold-bearing 
quartz vein commonly known in the district as the Canning property, 
from the name of one of the owners who discovered the vein in 
1913. The property consists of five recorded claims situated a short 
distance below timber line on Benito Creek and is owned by Jack 
Canning and Benito Contino. 

The vein consists of quartz and calcite, with quartz predominat- 
ing, and ranges from 2 to 8 feet in thickness but averages about 30 
inches. It dips steeply to the east and strikes N. 70°-76°W., cutting 
a succession oi dark-colored igneous rocks that include both dense 
basaltic members and coarser granular phases, with abundant hom- 

7230«»— 21— Bull. 714 ^13 
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blende. These rocks grade into each other without sharp 1 
aries. They are considerably altered and are sheared, parti< 
near the vein. 

The vein originally appeared in the creek as a mass o 
white quartz but has now been proved by a succession of five s 
holes to extend for at least 500 feet. The deepest of the« 
penetrated the vein 16 feet. Much difficulty was experiencec 
water, which flowed along the rock surface beneath the gravel 
ing, and to obviate this trouble an automatic dam was const 
on the creek and two channels ranging in depth from 2 to ! 
were sluiced across the claims. Owing to irregularities in tl 
rock surface these cuts do not expose the bedrock in many plac 

The vein is mineralized with iron and copper sulphides, 
pally arsenopyrite, which near the surface are much oxidizi 
have colored the shattered quartz with rusty iron stains. In 
the oxidized vein has furnished some handsome specimens < 
gold. Small particles of free gold are rather common in muct 
oxidized vein and contain or are accompanied by silver, as is 
by the assays. 

On the left-hand side of the creek about 100 feet downstrear 
the vein is another quartz vein carrying arsenopyrite and s 
metallic mineral, probably hematite. This vein strikes N. 10 

About one claim length still farther downstream is a vein o 
shattered quartz 8 to 9 feet wide, containing pyrite and arsenc 
Several open cuts have been made on this vein, but no parti 
encouraging results have been gained. 

Benito Creek at present has no adequate means of conimim 
with Strelna. It lies on the direct route to Elliott Creek an 
be reached by any one of several trails that have been made si] 
railroad was constructed. The chief difficulty with all these 
which are pack trails only, is that parts of them are wet at 
except in the driest weather or in winter, when they are not us 

KENNICOTT. 

The property of the Kennecott Corporation near Kennico 
includes three working mines, for in addition to the Bonan; 
Jumbo mines the corporation has acquired the Mother Lode 
formerly operated from the McCarthy Creek side of the rid 
tween Kennicott Glacier and McCarthy Creek. Formal contro 
Mother Lode began on May 1, 1919, and since that time ore fr 
Mother Lode has been delivered to the mill at Kennicott o\ 
Bonanza tramwav. The three mines are now connected 
grcnmd, so that it is possible to pass from one mine to any o 
great advantage in operation and management. The conn 
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are made from the 600- foot level of the Bonanza to the 500-foot (?) 
level of the Jumbo and from the 800-foot level of the Bonanza to the 
Rhodes (700-foot?) level of the Mother Lode mine. On the con- 
necting levels the slopes of the Bonanza and Jumbo mines are 4,370 
feet apart. The shaft of the Mother Lode is 1,400 feet from the 
incline of the Bonanza. 

Much work has been done in the three mines to facilitate mining 
and handling the ore. New slopes were driven in both the Bonanza 
and Jumbo mines, and new dumping pockets were provided under- 
ground. New hoisting machinery was also installed. In addition 
the loading station of the Jumbo tram is being moved underground. 
The new station will no longer be in danger from movements of the 
Jumbo Glacier and will add greatly to the comfort of the men who 
load the tram cars, for they will be well underground and no longer 
exposed to the winter storms. Development work has now been 
carried below the 1,000-foot level of both mines, although the new 
inclines had not fully reached that depth at the time of visit. There 
is stoping ore on all the levels of the Jumbo mine. 'Most of the ore 
of the Bonanza mine above the 300-foot level, however, has been 
mined out except in the pillars, which contain much ore and have 
not been touched. Exploratory work, both by drifts and crosscuts 
and by diamond drilling, has been pushed in all parts of the property. 
The Bonanza and Jumbo mines employ about 150 men each. 

Work in the Mother Lode mine in 1919 was directed mostly toward 
exploration of the mine and toward removal of the ore already mined 
and piled on the dumps by the previous owners, for because of the 
cost of transportation by truck from the mine to McCarthy only the 
highest-grade ore was shipped and the ore of lower grade was left. 
Much of this lower-grade ore was scraped up in the sunamer of 1919 
and hauled by electric engines from the Mother Lode dumps to the 
Bonanza incline on the 800-foot level and thence sent to the mill at 
Kennicott. Within the mine a prospecting shaft was simk from the 
Pittsburg (600-foot) level to a point below the 1,100-foot level, and 
crosscuts were driven to the ore-bearing zone. Prospecting by drifts 
and with the diamond drill was carried on from the crosscuts at the 
same time. 

An increase in the capacity of the Bonanza tram to about 1,000 
tons a day makes possible the handling of ore from both the Bo- 
nanza and Mother Lode mines. 

Part of the ore delivered to the mill over the Bonanza and Jumbo 
trams is sorted out and shipped as high-grade ore, but the greater 
part passes through the mill for concentration. The mill tailings 
all pass through the leaching plant, where they are deprived of the 
light-weight copper-carbonate minerals left in them on leaving the 
mill. The leaching plant treats 600 tons of ore a day. 
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DAN AND CHTTITU CREBKS. 

The gold placers of Dan and Chititu creeks were not visited by the 
writer in 1919, and the few statements made here are based on state- 
ments of the owners of the properties or on information from other 
sources. An estimate of the gold production of the two creeks is 
contained in the first part of this volume. 

Little in the way of new installation or new discovery has taken 
place on Dan Creek, but the mining plants already installed have 
continued operation as in previous yeara The largest operator is 
the Dan Creek Mining Co., whose plant was installed several years 
ago and has been in operation each year since. In addition work has 
been done on a smaller scale by other owners on the bench claims 
of Dan Creek and on claims on Copper Creek, the southern branch 
of Dan Creek. 

The principal fact of note relating to Chititu Creek is the consoli- 
dation of the claims on lower Rex Creek and part of those on White 
Creek, the two branches of Chititu Creek, with the claims on Chititu 
Creek itself. This was brought about by the purchase of certain 
• claims on Chititu Creek just below the junction of Rex and White 
creeks. Mining on these claims and on some of the claims on Chititu 
Creek has been hampered by a conflict of water rights. This diffi- 
culty is now obviated by the consolidation, and a proper exploitation 
of the gravels involved is possible. This property now includes not 
only the creek claims already mentioned but also certain bench claims 
on the east side of Rex Creek a short distance above Chititu Creek, 
which heretofore have been worked independently of the claims on 
Chititu Creek. The two hydraulic plants on the Rex and Chititu 
creek claims were in operation as formerly. 

The work just mentioned as having been in progress on Rex and 
Chititu creeks was the principal mining done on those streams in 
1919, but some further mining was done by other operators on upper 
Rex and White creeks which contributed a small amount to the gold 
production of the Nizina district. 



MINING DEVELOPMENTS IN THE MATANUSKA COAL 

FIELDS. 



By Theodobe Chafik. 



INTRODUCTION. 

The only coal-mining activity in the Matanuska Valley in 1919 was 
the working of the Government-operated mines at Eska and Chicka- 
loon by the Alaska Engineering Conmiission in charge of Sumner S. 
Smith, resident engineer. This paper is intended as a brief state- 
ment of the operations of the year, to supplement a more^ extended 
report on the geology and developments recently published.^ 

ESKA MINE. 

The principal operations were at Eska, where an average of 85 
men were employed throughout the year and approximately 40,377 
tons of coal was mined. This coal was taken from all six of the 
productive beds, the Martin, Shaw, Eska, Maitland, David, and Em- 
ery, but the greater part came from the first four named. 

The coal deposits at Eska lie in an open syncline that trends ap- 
proximately east, about perpendicular to the creek, which has ciit 
across the beds and has exposed a natural section. The mining by the 
Alaska Engineering Commission has been done only on the north 
limb of the syncline, above water level. During 1919 the Emery east 
and David east gangways were extended 353 and 448 feet, respec- 
tively, this work being largely in the nature of development. On the 
west side of Eska Creek the Eska, Shaw, and Martin tunnels were ex- 
tended 275, 407, and 86 feet, respectively. The Shaw is now used as 
the main haulageway, and the 20-pound rails formerly used have 
been replaced by 60-pound rails and the track gage widened from 
24 to 36 inches. 

About 1,660 feet from the portal of the tunnel the Martin, Shaw, 
and Eska beds are cut off by a fault, whose position was known ap- 
proximately from the surface outcrops. During the open season 
of 1919 a careful study was made of the structure of the beds as shown 
on the surface above and just beyond the present face of the Shaw 
west tunnel. The beds were opened by pits and at critical localities 

' Chapln, Theodore, Mining developments In the Mataonska coal field : U. 8. OeoL 
Survey Bull. 712. pp. 131-167, 1920. . 
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by stripping, which showed the conditions illustrated in figure 2. 
The Eska, Shaw, Martin, and Emery beds were identified, and one 
or another was traced for nearly 1,000 feet Between the position 
of these beds and the position of the present workings, however, there 
is a downthrown &ult block from 100 to 800 feet wide in which the 
coal beds are either absent or badly broken. The beds west of this 
fault block appear to be but little disturbed with reference to the por- 
tion of the beds in the present workings. From the strike and dip of 
the outcrops the approximate pootion of these beds on the level of the 
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FiouBB 2. — Sketch map of part of Eska mine, Matanaaka Valley, showing position of 
face of Shaw, Eska, and Martin workings, outcrops of coal beds, and stmctnral 
relations. 

present workings has been calculated, and work is now in progress 
to drive the Shaw west tunnel through the fault block to connect with 
the beds west of the faulted ground. 

Where the Shaw tunnel enters the fault block it cuts a massive sand- 
stone which occurs just above the Eska coal bed and which has been 
carried downward by the movement along the fault. Excavation 
through this hard rock will necessarily be slow. 

On the south edge of the syncline open cuts and chum^drill holes 
show the presence of all six beds and indicate a considerable area of 
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minable coal from which a large tonnage can be mined with probably 
no greater difficulties than were encountered in the present workings. 
So far all the mining has been done from water-level tunnels, from 
which rooms are opened. 

The cleaning plant has been in operation throughout the year, and 
plans are under way for the erection of a washery. 

CHICKALiOON MINE. 

At Chickaloon an average of 35 men were employed in 1919 and 
approximately 4,176 tons of coal was mined incidentally to develop- 
ment operations. On account of the difficulty of using the old slope 
as a working shaft a new slope was extended along bed 8 at an angle 
of 32^ to 46^ for 238 feet, to the second level, at an elevation 312 feet 
below that of the portal, and a station was cut, from which drifts 
were extended east and west 206 and 434 feet respectively. 

The new slope from the first to the second level passed from bed 8 
through a faulted zone containing considerable crushed coal into bed 
6, which is exposed in the station. In extending the slope it was not 
evident to the operators whether a fault or a squeeze in the bed was 
being encountered, but when the second level was reached bed 5 was 
identified. It is thus evident that the fault is not marked by a definite 
plane but by a crushed zone containing drag blocks of coal, and its 
direction is known only by the relative position of beds 5 and 8. 

On the west drift from the station the workings pass from bed 5 to 
bed 5^ along the crushed zone of a low-angle fault of slight displace- 
ment similar to the one in the slope that has cut off bed 8. 



LODE DEVELOPMENTS IN THE WILLOW CREEK 

DISTRICT, 



By Theodore Chafin. 



MINING IN 1919. 

Mining operations in the Willow Creek district in 1919 were carried 
on at five mines, the same number as in 1918. The Gold Cord mine, 
which was operated in 1918, was idle, but the War Baby made its first 
production in 1919 and was operated throughout the open season. 
Considerable prospecting was done, and some bona fide sales were 
made. The value of the gold and silver produced in 1919 was $159,458. 

The Willow Creek district is being developed mainly for its gold- 
bearing lodes, which occur as well-defined fissure veins in quartz 
diorite. Two copper-bearing lodes, however, one on the eastern and 
one on the northern edge of the district, have been located recently, 
and enough annual assessment work has been done to hold the claims. 

The presence of telluride ores in the gold-quartz veins has been 
reported from time to time. Since 1913 the Survey has tested these 
so-called tellurides with negative results. In 1919 it was again re- 
ported locally that telluride ores occur at a number of properties in 
the Willow Creek district. Tests for tellurium on samples submitted 
were made in the Geological Survey office at Anchorage, with,negative 
results, and these tests were corroborated by assays made on the same 
ore by the Survey chemists in Washington. It is not intended to 
say that tellurides do not occur in the Willow Creek district, nor that 
they will not be found. It is not likely, however, that rich deposits 
of telluride ores occur here, for the geologic association of the 
Willow Creek lodes does not favor their occurrence. The known rich 
deposits of telluride ores of gold and silver occur mostly in com- 
paratively shallow veins in Tertiary lavas. The Willow Creek lodes 
are not associated with effusive volcanic rocks and are believed to be 
of much greater depth and persistence than the type of veins in which 
rich deposits of tellurides are usually found. 

The mines and prospects on which development work is being con- 
tinued are shown on the accompanying map (PI. VI). The follow- 
ing descriptions of operations deal only with recent developments. 
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MINBS AND PROSPECTS. 
WILLOW CBEEX AND TBXBUTABIES. 

The Gold Bullion mine on Craigie Creek, operated by the Willow 
Creek Mines, continued to be the most constant producer in the dis- 
trict. The mine and mill were operated throughout the open season, 
from May 26 to October 16, employing from 60 to 70 men. The ore 
was supplied principally from tunnels Nos. 3, 4, and 5. Plans were 
recently made to erect a plant for the treatment of the slimes, which 
have been ponded since milling operations were begun. Some de- 
velopment work was done on the Lucky Shot and Panhandle groups 
of claims, on which options were taken last fall by the Willow Creek 
Mines. The Lucky Shot vein was traced across five claims by open 
pits and a short tunnel that was started to open the vein. It strikes 
N. 60® E. and dips 46** NW. The Panhandle group consists of four 
claims, which cover a vein of quartz from 6 to 8 feet across, with 
horses of country rock. This vein strikes N. 85** W. ani dips 38° N. 
But little work has been done on it. 

The owners of the War Baby mine, on lower Craigie Creek, which 
made its first production in 1919, completed the erection of a Straub 
mill and operated the mine throughout the season. The workings 
consist of two short openings on the vein and a third that is being 
driven to tap the vein at a lower level. Underground development 
work was carried on during the winter. 

Some development work was done on the Golden Light claims, on 
the southeast side of Craigie Creek, and a mill was erected, but no 
production was made. 

The Leona and Gold King claims, near the head of Craigie Creek, 
are being developed by the Brassel Bros. A large fissure vein, which 
is said to have been traced for six claim lengths, is 19 feet across. 
The walls are well defined, with 6 inches of gouge on the footwall 
and 18 inches on the hanging wall. The vein is composed of altered 
quartz diorite with stringers of quartz. It strikes N. 70° E. and dips 
42° NE. About 100 feet below it is a parallel quartz-feldspar dike 
with some vein quartz which carries a little gold. On the Gold Kong 
No. 3 and Leona claims a number of surface workings show several 
small veins of rich quartz, and a tunnel is now being driven to open 
these veins. 

Development work was also continued on the Newman and Miller 
claims, on upper Craigie Creek. 

A copper prospect near the head of Purches Creek is covered by the 
Dixie group of claims. The ore deposit consists of a pegmatitic vein 
8i feet wide which strikes N. 55° E. and dips 55° SE. At each border 
of the vein is a coarse pegmatite composed of quartz and orthoclase 
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with large foils of muscovite and particles of chalcopyrite. The cen- 
tral part of the vein is milky-white quartz cut by irregular stringers 
of chalcopyrite with a little bomite. The deposit is opened at one 
place by an open cut across the vein which shows the following 

section : 

Section in open cut on Dixie claims. 

Ft in. 

Pegmatite 1 

White glassy quartz with stringers of chalcopyrite and 

bomite 5 

Lens of chalcopyrite 5 

Pegmatite « 2 

The sulphides are essentially pure chalcopyrite and bornite, which 
occur as irregular masses in the quartz. 

The Little Willie claims were recently staked by Long & Holland 
on the divide between the heads of Craigie, Purches, and Fairangel 
creeks. The principal vein crops out on Craigie Creek above Craigie 
Glacier and has been traced across the ridge into the head of Fair- 
angel Creek. This vein strikes N. 77^ W. and dips 26° NE. It is 
composed of quartz stringers from an inch to 6 inches wide which 
closely follow a green igneous dike made up entirely of secondary 
minerals, essentially sericite, quartz, and calcite. Originally this 
altered rock was probably granite or monzonite, composed of quartz 
and feldspar with some hornblende or mica. The quartz vein is evi- 
dently of later date than the dike but follows it closely along one 
wall or the other and in places occurs as several parallel veins within 
the igneous rock. The vein is small but is very persistent and from 
the amount of free gold in the outcrop is apparently very rich. 

A copper-bearing vein from 1 inch to 18 inches thick occurs on 
Fairangel Creek on the ridge above the glacier. This vein is com- 
posed of quartz and carries gold, specks of chalcopyrite, and tiny 
veinlets of molybdenite. 

The claims of the Blue Quartz Mining Co. are near the head of the 
north fork of Peterson Creek, a northern tributary of Willow Creek. 
Three parallel granitic dikes, composed of quartz and orthoclase, 
with clusters of tourmaline, strike N. 63° E. and cut the quartz 
diorite country rock. One of these dikes, 8 feet wide, gradually 
passes along its strike into a quartz vein that carries some gold and 
visible particles of chalcopyrite and tetrahedrite. Intersecting this 
main quartz vein are several short gash veins of quartz with con- 
siderable pyrite. These veins pinch out a short distance from the 
main fissure. Open cuts have been made on both the gash veins and 
the main vein, and a tunnel has been started to cut the main vein. 
The persistence of this fissure vein is not known. In one direction 
it apparently merges into a granite dike, and in the other it is covered 
with debris and has not been traced. 
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On Willow Creek some development work was carried on by Alilo 
Kelly on the claims of the Brooklyn- Willow Creek Gold Mining Co. 

ZTSHHOOK GBBEK. 

The Alaska Free Gold mine, mill, and cyanide plant were op- 
erated throughout the season, working from 20 to 30 men. Mining 
operations were continued in the old workings, and a little work 
was done on the Eldorado claim. 

The Gold Cord mine, on upper Fishhook Creek, which yielded a 
production in 1917 and 1918, was not, in operation. 

ABCHAKGEL CBSEK. 

Control of the Talkeetna mine, near the head of Fairangel Creek, 
was acquired in the fall of 1918 by W. t. Hock, who operated it 
throughout the open season of 1919 and continued development work. 
Mining operations are now confined to one tunnel extended about 
300 feet along the vein, which strikes N. 45^-60° E. and dips 40«-«0° 
NW. For the first 200 feet from the portal of the tunnel the vein 
is from 5 to 18 inches wide, but it widens abruptly and for the next 
100 feet to the face of the tunnel is from 5 to 8 feet wide and in places 
contains 5 feet of solid quartz. Above this tunnel are other veins 
which are not being developed at present. The ore is banded rusty 
white and gray quartz, with considerable gouge. The quartz con- 
tains some visible gold, and in spots the ore is very rich, but the work- 
able rock is confined to definite pay shoots within the vein. 

The Little Gem Gold Mining Co, bonded the Webfoot claims and 
other property on Archangel Creek and continued development work 
during the winter of 1919-20. 

The recently formed Giant Gold Mining Co. is developing the 
Marmot group of claims, on Archangel Creek. Supplies and equip- 
ment were sledded in to the property in the fall, and work was con- 
tinued during the winter. 

Tunnel driving was continued by Fern & Goodell during the spring 
of 1919 on their property on Archangel Creek. 

The Mabel mine was operated for 160 days, from May 25 to Novem- 
ber 1, by a small crew of men, and tests and mill runs were made on 
the ore. The work of the year was mostly intended to develop the 
mine. A crosscut tunnel was driven for 150 feet, and drifts were 
extended for 340 feet. The opening of two new ore bodies is re- 
ported. The Loveland- Alaska Mining Co., of Loveland, Colo., has 
taken a lease and bond on the mine and will continue active develop- 
ment under the management of H. J. Phillips. 
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BESS CBEEX. 

Deyelopment work was continued on the property of the Le Boi 
Mining Co., on Good Hope Creek, a tributary of Beed Creek. The 
claims are on the high divide between Beed and Good Hope creeks 
about 1^ miles east of the Loveland- Alaska mine and may be reached 
from the Beed Creek road. Since this property was located in 1917 
development work has been carried on preparatory to active mining. 

The Skarstad claims, known as the Opal group, were staked in 
1919 on the west side of Beed Creek about a mile from its mouth. 
Two parallel veins have been traced by surface pits for two claim 
lengths. The veins strike N. 60°E. and dip 50°NW. The outcrop of 
the upper vein is from 3 to 4 feet wide and consists of quartz and 
gouge along each wall inclosing considerable altered diorite, all of 
which carries gold. The hanging wall is mineralized diorite with 
stringers of quartz and also contains gold. The lower vein is from 
3 to 5 feet wide. It is made up of stringers of quartz and gouge in 
altered diorite and carries much pyrite from which gold may be 
panned after roasting. A tunnel was started in the fall, and work 
was continued during a part of the winter. 

The Idamar claims, adjoining the Skarstad property an the north- 
east, were staked by J. B. Larsen in 1919, and a little surface stripping 
was done. 

J. F. Burr is developing the Mary Ann group of claims, on the 
east side of Beed Creek, half a mile above the mouth of Good Hope 
Creek. A timnel is being driven to intersect a vein that has been 
traced along the surface. It strikes northwest and dips northeast. 

The Snow King claim, on the ridge west of Beed Creek, is being 
developed by J. F. Austin, to open a vein of quartz that is said to 
have been stripped for 4,000 feet. 

UTTLE SUSITH A BIVEB. 

The Gold Mint group of seven claims was recently located by 
J. B. Hatcher on Little Susitna Biver about 2 miles above the mouth 
of Archangel Creek. The country rock is gneissoid quartz diorite. 
Several veins intersect the property. The upper vein strikes N. 50° W. 
and dips 42° SW. It is composed of 10 to 17 inches of bluish-white 
quartz, with considerable pyrite and chalcopyrite and some visible 
gold. The vein has been traced for some distance on the surface 
and appears to be persistent. The lower vein strikes N. 30° W. and 
dips 62° SW. Where exposed by several surface cuts the vein con- 
sists of milky- white quartz with rusty streaks and blotches from 
the oxidization of pyrite. Between these two veins are two or three 
others that strike about north. These are apparently barren where 
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exposed. The developments consist of a short tunnel that is being 
driven on the upper vein and surface pits to prospect the veins. 

The Maverick claims were located by J. B. Wilson on Lone Tree 
Creek on a quartz vein reported to be 2 feet thick and similar in 
appearance to the upper Gold Mint vein. 

The Moose Creek copper claims, on the ridge between tributaries 
of Little Susitna River and Moose Creek, have not been visited by 
members of the Survey, and the following information is abstracted 
from a report by Mr. F. L. Thurmond, of Anchorage. The claims are 
on the eastern border of the Willow Creek district, on the divide 
between Little Susitna River and Moose Creek, at elevations ranging 
from 2,300 to 4,800 feet. The property is reached from Moose Creek. 
A wagon road follows the creek for 5 miles to the Baxter mine, 
from which a trail extends to the property on Iron Creek, a distance 
of about 12 miles. The property consists of two groups of claims, 
one of four claims and an adjoining group of seven claims. These 
claims were located in 1914 and 1915 by J. H. McCallie and asso- 
ciates, of Anchorage. The ore deposit is from 30 to 100 f^t in width, 
strikes about N. 75"^ E., and dips about 80° SE. It does not appear 
to have a well-defined wall, however, and merges gradually into the 
quartz diorite country rock. At one place an open cut has been made 
25 feet diagonally across the deposit, which at this locality consists 
of pyrite, pyrrhotite, chalcopyrite, and sphalerite carrying gold and 
silver. It is said to have been traced for 7,000 feet along the surface 
but has not been explored in depth. The copper, gold, and silver con- 
tents are said to be low, but the apparent size of the ore body and its 
proximity to the railroad and to the coal deposits recommend it for 
careful examination. 



MINERAL RESOURCES OF THE GOODNEWS BAY REGION. 



By George L. Harrington. 



INTRODUCTION. 

The Goodnews Bay region as here considered embraces the terri- 
tory lying south of Arolic River and draining into Kuskokwim Bay. 
It thus includes the Arolic and Goodnews river basins and the inter- 
mediate area. Some information regarding the area south of Good- 
news Bay as far as Cape Newenham is also included in this paper. 
The surveys of this region in 1919 covered an area of approximately 
1,400 square miles and extended from longitude 159® 40' to 162*^ 
west, and from latitude 59° to 59° 40' north. A traverse of the 
Yukon-Kuskokwim portage was also made. R. H. Sargent, topo- 
graphic engineer, in general charge of the work, made the topo- 
graphic surveys on which the geologic work north of Goodnews Bay 
was based. South of Goodnews* Bay charts and maps of the United 
States Coast and Geodetic Survey were used as a base. The geologic 
mapping and investigation of mineral resources were done by the 
writer. A cook and a station assistant to Mr. Sargent completed the 
party. 

The party left Seattle on the power schooner Ozmo on June 19 and 
made a landing in Security Cove, just east of Cape Newenham, on 
the evening of July 4. About two-thirds of the supplies and pro- 
visions and all other equipment were landed in the boats of the Sur- 
vey expedition at the same time. The supplies were transported 
throughout the season by boat or by back packing. A 80- foot poling 
boat and a 20-foot dory, together with a 2-horsepower gasoline engine 
of the detachable hang-over type, were obtained at Seattle, and the 
poling boat was used on Goodnews River, and the dory for such shore 
work as was necessary. Field work ended at Kwinak (Quinhagak 
post office) on August 18. The return to Seattle was made by way 
of Bethel and the Kuskokwim- Yukon portage, Mr. Sargent with the 
field assistants going up the Yukon and the writer going down and 
continuing to St. Michael and Nome, where he spent a few days in 
the collection of statistics while awaiting the steamer Victoria. 
Transportation from St. Michael to Nome was afforded by the United 
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States Coast Guard cutter Bear. Seattle was reached October 19, j^ 
after a 12-day trip from Nome that included stops at St Michael, f * 
Dutch Harbor, Akutan, and Isanotski Strait. j' 

GENERAIi FEATURES OP THE IlEOION. I j; 

aEOGRAPHT. 

Approach to this region is difficult in times of storm or fog on |i«r 
account of the shallowness of Kuskokwim Bay. and for this reason 
larger vessels must move with the tides or follow carefully the 
surveyed channels. A small cove just west of 'Security Cove 
affords a fair haven for small boats from easterly storms, and 
Security Cove is so shaped as to give protection from jwactically 
all directions. Shoals and bars off Chagvan and Goodnews bays 
make entrance into them difficult in rough weather, and, in addition, 
strong tidal currents and eddies occur at the mouth of Goodnews Bay. 
Traveling along the shore is done mostly in periods of calm weather 
or when there is an offshore breeze, the shallowness of the bay 
making travel in small boats particularly impleasa&t in any other ^ 
weather. 

From Cape Newenham to the small cove west of Security Cove j 
and from Security Cove north to Chagvan Bay there are many 
stretches where it is not possible to get along the beach except at 
very low tide, and a few where it is not possible to follow the beach 
even then. From Chagvan Bay to Goodnews Bay the beach is sandy, 
hard, and firm and may be followed on foot. The same is said to 
be true of the stretch from Goodnews Bay to Carter Bay, but froHi 
Carter Bay to the northern edge of Jacksmith Bay the beach ^^ 
muddy and is cut by tidal sloughs, and at low tide the muddy tici^ 
flats extend out for several miles. From the north side of JacJ^' 
smith Bay to Kivinak there is another sandy beach with firm fo(F^' 
ing, although it appears likely that this beach, as well as a conside ^' 
able area of the tundra back of it, is covered at extreme high tid^^^ 
or in times of heavy storms, as logs are often found a considerab 3® 
distance back from the beach. Tidal fiats occupy a considerab -'^ 
portion of Goodnews Bay, the sand and silt brought down by Tunul^^^ 
and Goodnews rivers having partly filled its east end. Both the'^=^^ 
streams are tidal in their lower courses, and so to a lesser exte^^^ 
are the Arolic and Kanektok, and in ascending them advanta^T^ 
is usually taken of the flood tide, as there is an appreciable currer^^ 
on the ebb or slack tide. In their lower courses these rivers ar^^ 
however, relatively sluggish and their channels arc tortuous. (See 
PI. \T[I.) Farther upstream the current quickens but is by no means 
uniform, as it alternately accelerates on the riffles and slackens in 
the stretches between. It was necessary to line the boat up some 
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of these riffles^ and it was judged that the current was running at 
a rate of 7 or 8 miles an hour. 

From Cape Newenham to Goodnews Bay, except for a stretch on 
each side of Chagvan Bay, the hills and low mountains rise almost 
directly from the water. North of Goodnews Bay, however, the hills 
recede eastward from the coast, and there are no more high hills or 
mountains along Kuskokwim Bay or Biver south of the portage to'the 
Yukon. At Bethel the mountains lie several miles east of the river, 
though plainly visible on clear days. Jag Mountain, east of Cape 
Newenham, rising directly from the water's edge to a height of 2,291 
feet, is the highest mountain along the coast, although there are a num- 
ber of other mountains in the Goodnews Biver basin which are from 
2,700 to a little over 3,000 feet in height. Most of the higher moun- 
tains are sharply jagged in outline, but those of intermediate eleva- 
tion are less jagged, and the lower hills are usually well roimded, 
though showing a few small projecting rock points. In the southern 
part of the region there are numerous examples of terraced alii- 
planation forms on a relatively small scale, but elsewhere these ter- 
races are rare, although not entirely absent. Their scarcity is prob- 
ably due to the fact that other types of erosion have been more active 
and so prevented the development of these land forms. 

The intermontane areas are low, flat, and broad, and numerous 
ponds and lakes occur in the poorly drained valleys, especially in 
that which connects the present valleys of the main branches of 
Goodnews Eiver. 

OLACIATION. 

So far as was observed there are no glaciers in the Goodnews Bay 
region, but their former presence is made apparent by numerous 
topographic features such as are peculiar to glaciated regions. Near 
the coast there is relatively little evidence of their former presence, 
but this is accounted for on the hypothesis that such evidence may 
have been destroyed by postglacial marine inundation. In the moun- 
tains, away from the coast, many of the streams head in typical 
glacial cirques, in which are small lakes, and U-shaped valleys lead 
from these cirques to the larger tributary valleys of the main drain- 
age systems. Erratic boulders on divides are fairly common, and 
faceted blocks at elevations well above the present stream channels 
were noted in a few places. Deposits that could be definitely classed 
as morainal were not seen, but it is believed that much of the mate- 
rial composing the unconsolidated deposits between Kuskokwim Bay 
and the front range of hills is of glacio-fluviatile origin. Perhaps 
the best example of morainal material seen was in the valley of 
Canyon Creek. A large stream enters Canyon Creek from the north 
through a deep channel cut in unconsolidated sand and gravel; a 

7230**— 21— Bull. 714 14 
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short distance below their confluence the creek flows through a pass 
in the hills in a rock-cut canyon at least 75 feet deep for perhaps half 
a mile before crossing the wide valley of Goodnews River, into which 
it finally empties. The stream now flows on the south side of the 
pass, very close to the base of the hill on that side. Numerous small 
lakes, with gravel banks, lie in the pass. This lake-dotted deposit is 
interpreted as being a moraine that fills the preglacial valley of the 
creek. As the glacier retreated the stream sought the lowest place 
through the pass, which happened to be at one side of the deposit. 
Since reaching bedrock it has continued cutting until it has formed 
the present canyon. At the confluence of the two streams, where 
both are flowing through unconsolidated material, the channel is ap* 
proximately in the position of the preglacial channel. 

It is believed that numerous changes in drainage, even of the major 
streams, were brought about by the glaciation of this region. The 
low lake-dotted pass between the forks of Goodnews River was prob- 
ably the preglacial channel of that stream. The pass has been filled 
with gravel, as is shown by the gravel banks of the many lakelets 
which lie in it. These lakes differ from the lakes of flood-plain 
origin and from some of the lakes lying at elevations above the flood 
plains, practically all of which are in mossy bogs and have banks of 
peat or moss. 

NIVATION. 

Nivation, or erosion somewhat similar to glaciation but on a much 
smaller scale and produced by accumulations of snow, which may 
last from one season to another, has been an effective agent in the 
formation of a number of minor topographic features in this region. 
To nivation is attributed the abundance of small valleys of general 
U-shaped cross section. Such valleys were especially noted on the 
tributaries of Bear and Canyon creeks and also in the group of hiUs 
on the south side of Goodnews River about 20 miles from its mouth. 
Forms that are probably due to nivation were also observed on the 
slopes of the hills in the vicinity of Security Cove. 

At the heads of a few of the valleys the snow banks develop cirque- 
like forms, one of which was observed near the granite-limestone con- 
tact in the vicinity of the glacial lake at the head of Tunulik River. 

TRAVEL AND TBANSFOBTATION. 

In many respects this region is one of the most inaccessible in 
Alaska for a small expedition. For a number of years it has been 
necessary to come overland from the Yukon either by the portage 
or by way of Iditarod, or to travel in a kayak or canoe, or by a small 
schooner or sailing boat from Togiak. During the summer of 1919 
an 800-ton schooner was placed on the run between Seattle and Bethel, 
and this boat made two trips and afforded the most satisfactory 
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freight and passenger service that has .been available to the inhabi- 
tants of the lower Kuskokwim for many years. During the winter 
of 191^19 there was an acute shortage of provisions, which had to 
be brought at heavy expense from the Yukon, on account of the fail- 
ure of one of the supply schooners to bring in winter provisions. 
This schooner was scheduled to bring in supplies during 1919 also 
but had not reached Bethel when the Geological Survey party left 
the region in September. 

Practically all supplies are landed at Bethel, although some of the 
smaller vessels will land supplies inside the spit at the entrance to 
Goodnews Bay, as well as at some points between the bay and Bethel. 
From Bethel supplies are brought down the river and bay by means 
of a launch to Kwinak and to Mumtrak, the village in the vicinity 
of the schoolhouse at Goodnews Bay. Supplies for the Arolic basin 
are brought from Kwinak either by poling boat in the summer or by 
dog sled in the winter and early in the spring. For the mining 
operations on Wattamus Creek, which flows into a tributary of Good- 
news Kiver, supplies are taken in summer up the river in poling boats 
or by kayaks to the landing about 3 miles from the scene of mining 
operations, where they are transferred to a small scow which is lined 
and poled up to the camp at Wattamus. In winter supplies may be 
brought by dog teams from either Mumtrak or Kwinak. The freight 
rate on general merchandise from Seattle to Bethel in 1919 was $35 a 
ton, from Bethel to Mumtrak 2 cents a pound, and from Mumtrak to 
Wattamus Creek 5 cents a pound. 

A monthly mail service was in effect from Holy Cross to Bethel 
and from Bethel to Kwinak during the summer of 1919. Contracts 
had also been let for a monthly winter service from Kwinak to 
Togiak by way of Goodnews Bay. In addition to the regular service 
thus afforded mail is put on such schooners as sail from Seattle for 
the Kuskokwim. A schooner, already mentioned as carrying sup- 
plies, was also intrusted with the mail and left Seattle in July, but 
had not reached Bethel when the Survey party left that place in 
September. In addition to mail service a monthly passenger service 
is afforded by the trips of the mail carrier from Holy Cross to Kwinak 
and return, his launches and boats providing the most comfortable 
way of crossing the portage. 

CLIMATE. 

A Weather Bureau station has already been established at the 
schoolhouse at Mumtrak. Owing to the short time during which this 
station has been in operation relatively few meteorologic data are 
jret available. During the early part of the season of 1919 the pre- 
vailing winds were westerly or southwesterly; later in the season 
easterly and southeasterly winds were more common. Surveys dur- 
ing the season were greatly hindered by stormy and foggy weather. 
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and on many days when it was nearly clear fog on the hills on the 
south side of Goodnews Bay and at the head of Goodnews Biver added 
to the difficulties of the topographic work. As a rule two or three 
fair days were followed by a much longer period of cloudy and 
stormy weather, during most of which no work could be undertaken. 
In spite of the considerable amount of fog and rain it seems likely 
that the year's total rainfall is not over 25 inches. Summer tem- 
peratures are mild, and it is probable that in general the conditions 
throughout the year average but little different from those at St. 
Michael, for which weather records are available, although it may be 
that periods of storms are slightly more frequent in the Goodnews 
Bay region. The vegetation differs but little in nature and amount 
in the two areas. 

The snowfall during the winter does not appear to be excessive, 
but the snows drift badly and accumulate in sheltered spots, so that 
in some of the valleys it is July before the creek beds are clear. 
Snow was to be seen in drifts on the north sides of the mountains 
in gradually diminishing patches as the summer progressed, but in 
a number of places a small amount of snow lasts from one year to 
the next. 

It is said that the lower Euskokwim and the bay are usually clear 
of ice in the middle of May and that the river does not freeze over 
until about the last week of October. In late seasons ice may re- 
main inside of Cape Newenham until the 1st of June. 

VBQETATIOK. 

From Cape Newenham to Apokak, a few miles below Eek Island, 
at the north end of Euskokwim Bay, neither trees nor bushes are 
seen along the shore. North of the area under discussion, from 
Apokak to Bethel, the banks of the Euskokwim show scrubby alders 
at first, followed by larger and larger alders, which are gradually 
interspersed with some of the larger varieties of willow. The first 
spruce were seen in the vicinity of Bethel, but they are said to extend 
for a few miles below that point. Cottonwood appears with the 
willows. Birch were not seen below Bethel. 

Back from the beach, along streams and in sheltered valleys, there 
are a few willows and alders, which increase in size with the distance 
from the coast. At Security Cove they are not over 2 or 3 feet 
high on the slope of the mountains between the cove and Bristol Bay. 
On Goodnews River 30 miles upstream the willows are from 10 to 15 
feet high. Somewhat farther up cottonwood are found along the 
stream. Where driftwood is not available, the alders and willows 
are cut and dried for fuel. In drying salmon cottonwood is preferred 
on account of the fact that it bums slowly and does not cook the 
drying fish. 
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A collation of plants, which includes some mosses and lichens, was 
made during the summer. Approximately 126 species were repre- 
sented in the collection, which probably comprises the most conmion 
flowering plants and grasses but should by no means be considered 
as completely representing the flora of the region. Wild rye is the 
most abundant grass at several places near the coast, and it is said 
that this plant seldom grows far from salt water. One of the 
botanically interesting localities is the warm, dry rocky southward- 
facing slope of Beluka Peak, on the north side of Goodnews Bay, 
where the yellow poppies grow abundantly and the blue forget-me- 
nots are somewhat less conspicuous in the floral assemblage. The 
wild rose was not found in the Goodnews Bay region, the first speci- 
men seen on the Kuskokwim being at the mouth of Tuluksak Biver in 
August. It is likely, however, that the rose occurs farther down the 
Kuskokwim, probably being about coextensive with the spruce. One 
of the common grasses of the marshes was the so-called cotton grass 
(Eriophorwm) , the white tufts of which usually served as a warning 
of soft footing. 

Berries are neither so plentiful nor so varied in this region as in 
the interior regions of Alaska, although blueberries and dwarf cran- 
berries grow fairly abundantly in a few localities. The soft, pulpy 
yellow salmonberry is widely distributed, though nowhere abundant, 
and the dwarf arctic raspberry is rather uncommou. Bed raspberries 
and currants were not noted. 

Perhaps the plants of chief economic interest in this region are 
the lichens and mosses, upon which the reindeer feed. The caribou 
moss appears to be the most abundant. These plants cover practi- 
cally the entire area, as the willows and alders together occupy rela- 
tively small areas, and many of the brushy ar6as contain consider- 
able reindeer pasture. The grasses that occur very commonly in 
close association with alders along hill slopes and drainageways are 
said not to be eaten by the deer, except while they are teiider, early 
in summer. 

Agricultural operations are seldom carried on by the natives and 
in 1919 were limited to small gardens, in which a few of the hardier 
vegetables were grown. A so-called wild rhubarb was also used as 
a substitute for rhubarb. In general there appeared to be better soil 
and vegetables grew better at Bethel than at Kwinak or Good- 
news Bay. 

ANIMAL LIFE. 

Although at certain seasons of the year various forms of animal 
life are abundant in this region, at other seasons parts of the region 
are practically deserted. There is very little large game. Bear 
Creek is said to have been named from a brown bear seen there sev- 
eral years ago. It appears likely that in former years caribou were 
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also found in this region, but if so they have been either killed or 
driven away and are now supplanted by the herds of reindeer (gen* 
erally called deer), from which there are occasional strays. Thi 
open country, relatively free of brush and timber, and the oomparnr 
tive freedom from flies and mosquitoes combine to make this regioi 
especially suitable for reindeer pasture. In winter pasture ^ 
afforded on the ridges, from which the snow is blown. ' 

Reindeer to the number of 300 or 400 are said to have been broug 
to the Kuskokwim about 1904, and an estimate made in 1919 pla 
the number then at about 15,000. Several hundred deer are own 
by the Government and cared for by the Bureau of Education. Sal 
of female deer from Government herds may be made only to nativ 
A considerable number of natives are deer owners, and individu 
hold from one or two to several himdred each. Several hundred d 
are also owned by the Moravian mission of Kwinak and Bethel. T 
ownership of the remainder of the reindeer was originally vested ui 
the Lapps, who accompanied them as herders and instructors of th« 
natives in herding on the introduction of the reindeer into this 
region, the deer having been given to these herders at that time. A, 
large part, if not most, of these have recently been purchased with ai 
view to the commercial development of the herds and the shipping o| 
refrigerated deer carcasses from the Kuskokwim basin. ; 

Fish are fairly plentiful in the streams in this region. Salmon are^ 
the most abundant, although the run of the various species of salmonj 
in 1919 was said to be much below normal. Grayling, several varie- 
ties of trout, and whitefish are also taken. In winter the natives are* 
said to catch a small blackfish from the lakes in the tundra for usei 

as food. ' 

Rabbits do not apjJear to be plentiful, but it is reported that theyi 
seem to be increasing in number. The list of more common fur-j 
bearing animals includes white and red foxes, mink, and muskrat. 
Squirrels are caught in great numbers, and the skins are used locally 
in the manufacture of parkas and other garments. The skins of 
the reindeer are used both for garments and for sleeping bags and 
robes. The hair^on skins of the reindeer fawn is much finer than 
that of adults, and these skins are used in making a better grade of 
garments. Dams or other signs of the presence of beaver were not 
observed by members of the Survey expedition. 

Ducks and geese of several species breed in considerable numbers 
along the streams and in the marshy places, but cranes are relatively 
scarce. Curlew and plover were frequently seen on the broad, low 
ridges, snipe and sandpipers were seen along the shores of the streams, 
and gulls and terns were seen in large numbers along the rock shores, 
where, with the cormorants, they appear to nest. Hawks and owls; 
appeared to be somewhat unconmion. A number of smaller land^ 
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birds were observed, including but one robin. Four birds seen at a 
distance were believed to be magpies. Ptarmigan were observed at 
several places, and it is said that in the last year or two they have 
increased considerably in numbers, although not yet as abundant as 
they were several years ago. 

INHABITANTS. 

In the region between Cape Newenham and Kwinak, the white 
population was about 25 in 1919. The native population of the same 
region was probably about 250, including the residents at Kinigino- 
gimut, a village on the largest stream emptying into Chagvan Bay, 
at Mumtrak, on Goodnews Bay ; at Kwinak ; and at a small village 
at the north mouth of Arolic River, as well as a number of single 
families and individuals scattered over the area. Most of these na- 
tives were at Kwinak and Mumtrak, where native schools have been 
established. The natives are all of Eskimo stock. 

GENERAL GEOLOGY. 

CHABACTEB OF THE BOCKS. 

In the Goodnews Bay region the rock unite as mapped (PI. VII) 
are relatively few in number but nevertheless include a considerable 
range of types. The sedimentary rocks comprise limestone, argillite, 
sandstone, and conglomerate, and the metamorphosed equivalents 
of most of these. A considerable variety of igneous rocks are also 
found, including basalt flows, dikes that were taken in the field to be 
andesites, and intrusive granites, with some massive intrusives that 
are probably intermediate in composition between the granite and 
the basalt and that have been included with the granites on the map 
in this report. In addition to these rocks, some of which have suffered 
deformation, there is a considerable area of more strongly metamor- 
phosed igneous rocks, apparently of a basic type. A large part of 
the region is covered by unconsolidated deposits of alluvial, glacio- 
fluviatile, and marine origin. It appears likely that most of the 
unconsolidated deposits were formed by more than one agency. 

Limitations of transportation and of time prevented detailed geo- 
logic work, and a lack of outcrops increased the liability of error in 
mapping. As the entire area was covered in a field season of 45 
days, during much of which the weather was such as to prevent work, 
it will readily be seen that there were many square miles which it was 
necessary to map from a distance on the basis of similarity of litho- 
logic appearance, with regional trends as an additional help in delim- 
iting the different rock units. 

^ Search was made during the season for fossils in the sedimentary 
beds, but without success, so that no definite age assignment of the 
rock units can be made. Only the relative age could be determined, 
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and correlations must be founded on data obtained from fossiliferous 
beds of similar lithology in regions to the north. 

It is believed that the areal distribution of the sedimentary and 
associated igneous rocks, which have been assumed to be of Mesozoic 
age, is represented with fair accuracy on the map. The distribu- 
tion of the limestones and of the metamorphic rocks has been plotted 
from more meager data and therefore is probably less accurate in 
detail, nevertheless it is felt that the map represents the distribution 
of these rocks approximately. 

STBX7CTUBE. 

The geologic map indicates the general northeasterly trend of the 
rocks of the region, and the elongation of areas of consolidated rocks 
surrounded by areas of Quaternary unconsolidated gravels and 'sands, 
mainly in the direction of the strike. Variations of strike occur, 
however, from nearly east to north, but the strikes are mainly in 
the northeast quadrant. Where other strikes were seen, they appear 
to have been produced in the relief of local stresses incident to the 
majol* deformation. The dips are mainly steep— from 60® to verti- 
cal. Apparently southeasterly dips are prevalent. It is assumed, 
from the differences in degree of metamorphism, that the rocks on 
the west side of the region are the oldest. With the younger rocks 
lying to the east, the general structure of the Goodnews River valley 
is considered to be synclinal, with the eastern limit of the syncline 
not exposed in the region, unless the metamorphic rocks of Cape 
Newenhaa are considered to mark it. Faulting and minor folding 
are of common occurrence. The folding is especially noticeable in 
the area of slates, and the faulting in the more arenaceous rocks and 
in the basaltic tuffs and flows. 

SEDIMENTABY BOCKS. 

Limestorwe and tlie metamorphosed argillitic rocks associated with 
it are the oldest sedimentary rocks observed in the region. Some 
of the limestone beds are 100 feet or even more in thickness, but 
for the most part the series, as observed, is made up of a number of 
beds from 10 to 50 feet thick, separated by considerable thicknesses 
of slate or phyllites. Some schistose rocks seen on the western edge 
of the region are probably to be considered as the metamorphosed 
equivalent of these beds. Quartzites were also observed in one place 
in the series. Locally, basic igneous rocks appear to be intercalated 
with the upper portion of the limestone and argillite series, but 
probably many of these are intrusive. The limestones are mainly 
dark gray but weather nearly white. Abundant white talus debris 
from the limestone beds gives them an undue prominence and in 
places conceals the talus and surface of the associated rose-bed and 
dark-gray slates. Nodular cherts were observed in some of the lime- 
stone beds, and other beds are reticulated >N\tVv c\viartz and calcite 
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veins. Overlying the limestones is a thick series of argillite sand- 
stone and graywacke, locally metamorphosed to slate and quartzite. 
The best exposures we^ observed on the north shore of Goodnews 
Bay at Beluka Pe^ and eastward toward the mouth of Tunulik 
River. At Beluka Pesk the rocks are fine-grained, dense, somewhat 
siliceous argillites of a general gray-green color, which ranges through 
several shades from nearly white to a slaty drab. These argillites are 
much shattered and fractured, so that they seldom break along bed- 
ding planes. They show much minor faulting, with a lateral dis- 
placement across the bedding which may amount to but a few inches 
or may be several feet. Some bedding planes are slickensided and 
are thus apparently planes of movement. Calcite veinlets appear 
along many of the openings produced by movement and also are to 
be noted in the fractured argillites, some of which are calcareous. 
There is a thickness of 700 feet or more of argillites underlying a 
300- foot bed of sandstone, which grades into a 100- foot conglomerate 
bed. Alternating and intergrading sandstones and conglomerates 
to a total thickness of 700 or 800 feet lie above the first conglomerate. 
The larger pebbles of the conglomerate are mainly red cherts, of 
which some of the flat, elongated boulders are 2 feet in maximum 
dimension, but the greatest diameter of the rounded cobbles is little 
over 1 foot. Green and black siliceous argillite pebbles are also 
present in these conglomerates. The cementing material is fine 
green, gray, and black sand. 

To the east along the beach from the conglomerates there is an 
abrupt change in strike from N. 50° E. to N. 25° W., and the rocks 
are of finer grain, black argillites being succeeded by lighter-colored 
siliceous argillites which do not have the greenish tinge of those at 
the western edge of Beluka Peak. The lighter-colored argillites are 
much netted with fine calcite veins and strike about N. 5° E. These 
rocks are succeeded by a red and green fine-grained chert or tuff, 
muck like that in the vicinity of Arctic Island, on the lower Yukon 
near Bussian Mission, which extends for several hundred feet to the 
east, and give way in turn to a series of basaltic tuffs and flows that 
crop out for 1,500 feet along the beach. 

Although most of these rocks have an easterly dip, the dip is very 
steep, and in addition there has been considerable faulting, so that 
while it is believed that, as already stated, younger rocks lie succes- 
sively toward the east, there appears to be a possibility that at Beluka 
Peak the rocks are successively younger toward the west, the beds 
being overturned, and, therefore, that the sequence is from the red 
and green cherts or tuffs and black slaty argillites through the sand- 
stones and conglomerates to the greenish argillites, and that the peb- 
bles of red chert in the conglomerate were derived from the chart or 
tuff series. 
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East of the basalt tufis and flows aigillite and basalt alternate in 
several wide bands, the next to the last of which, consistmg of basalt, 
extends for 6,000 feet along the north shore of Groodnews Bay, to the 
mouth of Tunolik Biver. From the strike and dip of the flows, where 
observable, it has been calculated that this band represents a thidc- 
ness of at least 2,400 fert. 

At a number of places along the beach on the north side of Good- 
news Bay small dikes, from a few inches to 5 feet in width, cut the 
basalt and the sedimentary rocks just described. 

Elsewhere in the area ootcrops of sedimentary rocks were observed, 
but these were of small extent, and usually but few data, aside from 
the strike, could be obtained from these isolated outcrops. They ex- 
hibited all the phases already described, from black slaty argUlites 
to conglomerates, and included at numerous places fine-grained feld0- 
pathic gray wackes, which were not always readily separable from ih^ 
basalts. Cherty rcjpks appeared to be more abundant elsewhere thaii 
on Goodnews bay, especially between Wattamus and Bear creeks. 

laHEOTTB BOCKEL 

Between Cape Newenham and Chagvan Bay occur altered igneous 
rocks of a number of types, with minor amounts of slate. The 
igneous rocks appear to be nuunly basic rocks, almost entirely 
altered to chlorite and serpentine. Some of the serpentine is appar- 
ently the source of a white kaolin or asbestos, said to be obtained 
from a narrow band between Cape Newenham and Security Cove 
and used as a white paint by the natives. The basic rocks have been 
cut by later intrusives which appear somewhat more siliceous. 
North of Cripple River, and again north of Jacksmith Creek, acidic 
intrusives appear in close association with the limestone. 

The basaltic rocks, which may include some andesite intrusive 
masses and flows, are widely distributed throughout the vaUey of 
Goodnews River, and include tuff, thin-sheeted ellipsoidal flows, and 
thicker and more massive flows. Their occurrence with the argil- 
lites and sandstones and their relation to those rocks have already 
been noted. At Red Mountain the suggestion of columnar struc- 
ture seen from a distance was considered as showing the proba- 
bility that the rocks there are also basalt. 

This series of rocks is intruded by a number of small batholithic 
granite masses at the head of Tunulik River, at the head of Granite 
Creek, on Olympia Creek, and on Arolic River. It is very probable 
that there are many other intrusive masses in the mountains that 
extend northeastward and form the divide between the Goodnews 
and Arolic drainage basins. The andesite dikes seen on the north 
shore of Goodnews Bay are not improbably related in origin to 
the intrusion of the granites. 



MINERAL RESOURCES OF GOODNEWS BAY REGION. 219 

The last major deformation of the region and the present struc- 
ture were probably caused by the intrusion of the granites, which 
are also assumed to have produced the auriferous mineralization. 
Later movements have taken place, but not in such a manner as to 
produce folding. 

TEBTIABY AND QUATEBNABY GEOLOOIC HIST0B7. 

It is to the cycle of events occurring within the Tertiary and Quater- 
nary periods that the region owes its present topographic form. Tc 
these events also are attributed the unconsolidated deposits now found 
so extensively over the region. It may be assumed that the intrusion 
of the granites and the consequent elevation of the land surface oc- 
curred at the end of the Cretaceous period or during early Tertiarj 
time. This uplift resulted in a range which extended from what is 
now the mouth of Kuskokwim Bay northward to Kuskokwim River. 
The highest peaks of this range were undoubtedly many hundred 
feet higher than the present crests, and its western front was also 
far to the west of its present position and faced an open sea much 
deeper than the present Kuskokwim Bay and Bering Sea, with only 
a few if any islands in what is now the Yukon-Kuskokwim delta 
region. . 

The wave erosion caused the shore line to retreat gradually east- 
ward imtil it reached approximately its present position. In the 
meantime the debris from the rapidly cutting streams had been car 
ried to the sea and there transported to form the offshore deposits 
which shoaled up the waters in late Tertiary time. Mature topo- 
graphic forms with wide valleys were developed by the beginning 
of the Quaternary period. During early Quaternary time there ap- 
pears to have been much* extravasation of basaltic lavas in western 
Alaska. None of these relatively recent lavas are known in this 
region, though they appear to occur on Bristol Bay and on the lower 
Yukon in the vicinity of Russian Mission, as well as farther south 
in the Ingakslugwat Mountains, in the delta region, and still farther 
south on Nelson and Nunivak islands. It is extremely probable that 
these outpourings of lava in other regions were marked by changes 
of level in this region, so that there appears to have been subsidence 
in the vicinity of Goodnews Bay. In view of the fact that the area 
probably then stood somewhat higher above the sea than at present, 
the subsidence that took place appears to have amounted to at least 
300 feet. Probably soon after partial emergence glaciation in the 
region reached a maximum. Glaciers filled many of the interior val- 
leys but appear not to have reached the sea except in a few places, as 
in the valley of Goodnews River and possibly also by way of Chagvan 
Bay. With the retreat of the glaciers a great amount of glacial 
debris was deposited in the streams, which were taxed to their limits 
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to transport the material to the sea. Their task appears to have been 
made easier by further elevation of the land surface, but at the first 
opportunity their load was dropped, and thus was built up the wide- 
spread frontal tundra-covered gravel coastal plain which now Ues 
between the mountains and Kuskokwim Bay and River. Some of 
the materials laid down in the upper portions of some of the streams, 
where their valleys were marine embayments, are now being re- 
worked and transported to the sea. Examples of such reworked ma- 
terial are afforded by high gravels overlain' by silts in the valley of 
Goodnews River. In verification of this hypothesis as to the mode 
of origin of the frontal apron of the mountains, it may be pointed out 
that the indentation of the shore line called Jacksmith Bay is oppo- 
site a stretch of mountains from which no large streams flow, while 
on either side the shore line has been extended westward through 
deposition by streams. At the present time the westward advancer 
of the shore line seems to be practically at a standstill, and it is 
probable that in this particular embayment, owing to the fact that 
the shore is made up of fine silt and peaty material and is unpro- 
tected by a gravel beach, as it is to the north and south, the shore 
line is shifting slowly eastward. Streams entering the other bays are 
filling them and extending the land area, obtaining their debris 
through all the forms of erosion prevalent in subarctic climates, in- 
cluding mechanical disintegration by frost, nivation, and soil flows, 
as well as normal transportation by running water. 

ECONOMIC GEOLOGY. 

HISTOBY OF MINING. 

A summary of the history of mining in the Goodnews Bay region 
has been given by Maddren ^ in connection with his report on the 
results of field work in 1914. In his discussion he considers the entire 
valley of the lower Kuskokwim, including the Goodnews Bay region: 

This region appears to have been neglected as a field for prospecting during 
the early years of the gold excitement that centered in the Klondike and spread 
along various tributaries of the Yukon. It was not until the Nome boom, in 
Seward Peninsula, reached Its height during 1900 that further attention was 
directed toward the Kuskokwim region. One of the results of the rush of 
people to that district was the movement of a small number of men from Nome 
to the region about the mouth of the Kuskokwim during the summer of l900f 
and they prospocte<l in that vicinity for several years. Placer gold was dis- 
covered at several localities in the vicinity of Goodnews Bay, and productive 
mining on a small scale was undertaken on P>utte Creek, in the basin of 
Aalalik [Arolic] River near the settlement of Quinhagat [Kwinakl, and h^s 
been carried on for the last 10 yeiirs or more. 

During the winter (►f 1000-1001 a tyi)ical dog-sledge stampeile to the Kusko- 
kwim Valley was made by a considerable number of men from Nome. ^^ 

1 Maddren, A. C, Gold placers of the lower Kushokwim : U. S. Cool. Survey Bull. 622. 

pp. 20fK~:ioi, 101 r>. 
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movement was based on vague rumors of the discovery of placer gold on a 
stream designated '* Yellow River," but the location of this stream in the Kus- 
kokwim Valley does not appear to have been even approximately fixed. 

From 1901 and 1902 there appears to have been some mining done 
on the Arolic, but with the failure to find bonanzas the majority of 
the stampeders left this field, and it was not until 1906 that there 
was another influx. Maddren continues : 

The discovery of placer gold on the headwaters of Innoko River in 1906 
caused a considerable movement of prospectors from Nome up Kuskokwim 
River the following year. It is estimated that several hundred persons left, 
Nome for the Innoko diggings by way of the Kuskokwim River during 1907. 
Most of them arrived at their destination after various delays and ri^ks due 
to unsatisfactory transportation, especially across Bering Sea and into the 
mouth of the river. A few of these persons, however, did not go all the way 
to Innoko district but stopped at various points along Kuskokwim River and 
turned their attention to prospecting some of its tributaries. 

The " mosquito flotilla " that came up the Kuskokwim in 1906 and 
1907 made it appear to the traders and missionaries at Kwinak and 
Bethel as if they were no longer on the outskirts of civilization, with 
but one or two yearly boats bringing supplies, but were on one of the 
world's commercial highways. 

Each influx of prospectors was encouraged by the finding of gold 
in the streams they prospected, but after working for a time most 
of them failed to develop profitable ground and left. However, a 
small production by a few men continued to be made yearly on Butte 
Creek, and some mining was done on Fox and Snow gulches and on 
Trail, Kowkow, and numerous other creeks. An estimate of $100^000 
for the total production to 1919 was based on an estimate of $70,000 
for Butte Creek and $30,000 for the streams named, all of which 
flow into the Arolic or one of its tributaries. Of the $30,000 a con- 
siderable proportion came from Kowkow Creek. The first produc- 
tion of gold on this creek was made in 1913, and a number of claims 
on it have been held ever since. 

Practically every white man in the region has had at some time 
during the last three years an interest in one or more claims in the 
Arolic basin. Some have utilized these claims to get a grubstake on 
which to prospect during the spring, and in 1917 a party of three 
or four men were engaged in prospecting on Bear Creek, which flows 
into Canyon Creek, a tributary of Goodnews River, when a native 
reindeer owner and herder called Wattamus (apparently a cor- 
ruption of his baptismal name Bartimeus) reported to one of the 
miners that he had found gold on a stream about 8 miles to 
the south. Several claims were staked on this new creek, which 
was named Wattamus after the discoverer. After staking, the own- 
ers of Discovery claim and the two claims above and the two below 
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DiscovBry pooled their interests, and these five claims have sinoe been 
held as a unit. Later comers staked ground above and below the 
Discovery group. A notable production was made during 1917 on 
the Discovery group of claims, and in 1918 considerable mining wis 
done. The total production for the two years was about $S6,000, thus 
giving an approximate total for the district, prior to 1919, of $1S5/XI0. 
In addition to the streams above mentioned ais having been pro- 
ducers, many others have heesk prospected. Some of the streams in 
the vicinity of the granite masses showed fine gold but not in soffi- 
<cient amount to warrant the undertaking of mining, and for the 
most part titles to claims have been allowed to lapse. 

OOLD FLACEBS. 

m 

QENERAIi FEATUKES, 

There are in general two types of placers in the Groodnewe Bay 
.region. Those of the Arolic basin are mostly in wide gravel-filled 
valleys in the group of low hills in tHe vicinity of Butte Creek or 
between these hills « and the surrounding hills or mountains to the 
south, east, and northwest. The placers of the Goodnews Bay drain- 
age basin, on Wattamus and Bear creeks, are in much more sharply 
incised valleys in the mountain masses. The Arolic placers probably 
represent concentration from older valley fillings, glacio-fluviatile 
or marine sediments ; the others represent the concentratTon of gold 
by erosion of bedrock since glaciation, in the bottoms of glacial 
valleys. 

The streams that yielded gold in 1919 were Kowkow, Wattamus, 
and Bear creeks, the first in the Arolic Basin, the others in that of 
Goodnews Bay. In the Arolic Basin title to claims in Butte and 
Trail creeks is held pending future developments and operations. A 
number of claims in addition to those worked are also held on 
Kowkow Creek. On Wattamus Creek several claims are held below 
the Discoverv group with a view to the possibility of developing 
dredging ground. 

MINING CONDITIONS. 

Inasmuch as the placer ground is shallow, open-cut mining is the 
method in use. An effort is made to groundsluice off as much of 
the overburden as possible, usually within a foot or two of bedrock, 
before shoveling in. At times there is a shortage of water for 
groundsluicing, but this difficulty is partly overcome in various ways. 
On Wattanms Creek a dam has been erected to impound water which 
is used for " splashing."' On Kowkow Creek ditches bring the water 
from the forks of the creek. It is said that more mining could he 
done on Butte Creek were water available, but the necessity of con- 
structing (Utclios to bring water will mean one or two seasons of dead 
work before mining can be done with oth^r than Butte Creek water. 



MINERAL. RESOXJBCES OF GOODNEWS BAT REGION. 223 

The conditions of snowfall and the time of melting of the snow 
vary on the different creeks, but it is late in June or even July before 
the creeks are sufficiently free of snow and frost to permit ground- 
sluicing, which it is aimed to do while the water is abundant. The 
later part of September is as late as mining can usually be carried 
on, although in favorable years the mining season may extend into 
October. Most of the auriferous stream gravel as well as the barren 
gravel overburden lies within the reach of circulating water, and 
operations are therefore not impeded by the necessity for thawing. 
However, large granite boulders in the gravels on the upper claims of 
Wattamus Creek are a very real detriment to mining, it is probable 
that such boulders will also be foimd on the upper courses of other 
streams heading from either side against the Arolic-Goodnews divide. 

Most operations are conducted on a partnership basis, but the Dis- 
covery group of claims on Wattamus Creek were being worked by 
about 10 or 11 men. Wages in 1919 were $6 and board for an 8-hour 
day. Labor is difficult to procure, for a number of the permanent 
residents have ground of their own which they work more or less 
mtermittently, and as this district is off the main highway of Alaska 
travel, the Yukon, there is little opportiinity of obtaining labor from 
the drifting class of miners. 

As no power plants were in operation in 1919 and there is no ne- 
cessity for thawing, fuel was required only for camp purposes. It 
was obtained by gathering and stacking alders and less preferably 
willows, which were used after a period of drying. In the vicinity 
of the camp both alders and willows are found in sufficient numbers 
to meet immediate needs. 

There is no spruce timber in this region nearer than Bethel, so 
that lumber for sluice boxes must be obtained from the sawmill at 
that place or by whipsawing drift logs from the upper Kuskokwim 
found on the beach, chiefly in the vicinity of Carter Spit. Spruce, 
however, is not wholly satisfactory, and whenever possible lumber is 
obtained from the States. Cottonwood grows on the upper Good- 
news River ; and cotton wood poles, together with a few large alders 
or willows, are sometimes used to make the trestles of the sluice boxes. 

ORIGIN OF THE PLACERS. 

The principal rocks throughout the region are those of sedimentary 
origin, including sandstone, quartzite, slaty or argillitic rocks, chert, 
and limestone. Associated with the sediments are lava flows, in large 
part basaltic. These rocks are intruded at a number of places by gra- 
nitic and related acidic rocks. It is believed that these intrusives have 
caused most of the auriferous mineralization of the sedimentary 
rocks. Quartz veins are not uncommon, but they are mainly narrow 
and of small extent, so that quartz pebbles and cobbles are rather rare. 
It is believed that some of these veinlets carried the gold from whic' 
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the placers were derived. This hypothesis accords well with the 
known facts with respect to Wattamus Creek and to some of the othier 
streams that head against granite areas and are reported to carry 
gold but not in quantities sufficient to pay for mining. 

No acidic igneous rocks were observed in the immediate vidnity 
of the placers on Bear Creek, nor were pebbles of this type of rock 
observed in the gravels in the cut on this stream. It would thus 
appear that the placer gold is derived mainly from veinlets that were 
probably related in origin to the intrusive granite found elsewhere in 
this region. So far as known, the placer ground on this creek is all of 
low grade, and those who worked on it in former years report that 
they could not make wages on it 

Some massive intrusives occur in the Kowkow Mountains, south 
of Kowkow Creek, and between the crest of the ridge and Kowkow 
and Trail creeks there is much quartz veining in the severely fractured 
rocks. No gold was observed by the writer in any of the quartz veins. 
Between Kowkow and Butte creeks the bedrock is covered by a mantle 
of imconsolidated gravels which is locally as much as 75 feet thick. 
A few outcrops of shattered limestone appear, however, rising slightly 
above the gravels. Associated with the limestone at the head of Butte 
Creek are andesitic rocks which are apparently intrusive and which 
may have had an influence on the occurrence of the gold. 

The valleys of Wattamus and Bear creeks were once occupied by 
glaciers, and any preglacial concentrations of gold were swept out 
and disseminated in the valley of Goodnews River. The present gold 
placer deposits of those streams are concentrations of the gold con- 
tained in the rocks which have been cut down by erosion since the 
glaciation. Erosion has been rapid since the retreat of the glaciers 
and has consisted of rapid mechanical disintegration by frost, assisted 
by soil flows, which have carried the disintegrated rock from the 
slopes to the bottoms of the valleys. Thence it is removed by the 
normal processes of stream transportation so far as the streams are 
competent to transport the soil and rock debris. 

For the deposits worked in the Arolic basin the mode of the later 
concentration into workable placers is not so readily apparent, as the 
physiography of that area involves other factors in addition to those 
concerned in the concentration processes on Wattamus and Bear 
creeks, and the history of the area has by no means been completely 
deciphered. It was not possible to determine whether the accumu- 
lation of the placers on Butte and Kowkow creeks was preglacial 
or postglacial, although the so-called gumbo bedrock on Kowkow 
Creek resembles a reworked till. As has been stated in the considera- 
tion of the geologic history, the land surface once stood at a higher 
level than at present, was then depressed, probably 300 feet or more 
below the present surface, and was then reelevated to approximately 
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its present position. The maximum gladation possibly occurred 
shortly after the period of maximimi inundation and before reeleva- 
tion to the present level was completed. During the period of these 
earth movements deposits of gravel were formed by normal stream 
erosion, by the deposition of glacial debris, by wave action along 
beaches, and by combinations of these three processes. On reeleva- 
tion of the surface to approximately its present position, normal 
stream erosion was resumed in the gravel deposits, and in places the 
underlpng bedrock was cut. The Arolic deposits are therefore due 
to stream concentration from bedrock and from the probably aurifer- 
ous gravels that had been previously accumulated. 

3IINING OPERATIONS. 

During the summer of 1919 all the creeks on which mining was 
being done were visited, and some notes were made as to details 
of mining methods and other features in connection with the 
operations. ' 

WATTAXTTS OBSBX. 

Placer gold was discovered on Wattamus Creek early in the 
summer of 1917 by a native who was herding reindeer in the vicinity. 
He reported the discovery to a group of miners on Bear Creek, who 
returned with him and staked Discovery claim and Nos. 1 and 2 
above and 1 and 2 below Discovery, including one claim for the 
native. Interests were pooled on these claims, and the native and 
one of the original stakers have since sold out to the Discovery 
Mining Co., the shareholders of which include Charles Thl)rsen and 
Jack Wilkins, who were among the original group of owners. Joe 
Jean has purchased the shares of some of the others. A number of 
other claims were staked above and below the original group, but 
little work has been done on any of these except "No. 3 above." 
On the discovery of paying ground, work on Bear Creek stopped 
and operations were transferred to Wattamus Creek, where during 
the fall of 1917 gold to the value of more than $10,000 was pro- 
duced. In 1918 work was continued, chiefly on Discovery claim, 
and the production was more than $20,000, making a total for the 
two years of about $36,000. 

In 1919 work was being done on three claims by two plants. The 
Discovery Mining Co. employed 10 or 12 men, about equally divided 
between claims Nos. 1 above and 1 below Discovery, and Byan & 
Wickert worked " No. 3 above." In addition to the claims that are 
being worked, a number of other claims are held, and some of 
those below the Discovery group were prospected during the winter 
of 1918-19 with a view to dredging operations. 

The width of the so-called pay streak varies greatly ; it is probably 
not over 20 to 30 feet on " No. 8 above " but more than 100 feet 

7230<»— 21— Bull. 714 16 
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below the Discoveiy group. Some of the small gulches appear to 
have greatly enriched the main pay streak, and in a few places there 
is some rich ground at the sides above the creek level, llie value of 
the gold in the pay streak runs from 25 cents to $2M per sqaare 
foot of bedrock. The gold is reported to assay $16.40 an ounce. 

All mining is done by open-cut methods. The material is groond- 
sluiced to remove 2 to 5 feet or more of barren soil and gravel, leav- 
ing from 1 to 2 feet of gravel to be shoveled into the boxes, the larger 
boulders being rolled to one side. Where the bedrock is loose and 
friable slate or sandstone, about 6 inches of that is mined also. The 
bedrock consists mainly of slaty argillite, sandstone, chert, and 
basalt. The gravels are predominantly of these rocks but contain 
also pebbles of conglomerate and of a dark-colored porphyritic rock 
with varying amounts of granite. The granite pebbles increase in 
size and amount toward their source, at the head of the creek. Below 
Discoi-ery claim there are relatively few boulders more than 18 inches 
in diameter ; on claim " No. 1 above " they are 3 to 4 feet in greatest 
dimension but are not so numerous as to constitute a serious impedi- 
ment to mining. On ^ No. 8 above " the granite boulders are still 
larger and more numeroua 

From the data at hand it is estimated that the total production of 
this creek will probably be little over $250,000, unless the lower claims 
are worked by dredges, for it is doubtful whether the claims below 
" No. 2 below " can be worked profitably by hand. Boulders would 
probably seriously interfere with dredging operations above Dis- 
covery claim. It is not likely that the ground above ^^ No. 3 above" 
will pay wages if worked. 



Apparently the first claims on Bear Creek were staked in 1916, 
although they may have been staked at the time of the early rushes to 
the Arolic in 1900, 1901, and 1906-7. Little if any work was done 
until 1917, when a few men were working there. Some of these men 
working claim " No. 1 above " report that they did not make wages 
and left for Wattamus when gold was found on that stream. In 1919 
two men were working on claim No. 2 above Discovery, the first work 
that had been done on that claim. 

This stream flows into Canyon Creek, a tributary of Goodnews 
River, and should not be confused with the Bear Creek in the area 
at the head of the Tuluksak, on which some mining has also been done, 
nor should the Canyon Creek into which this stream flows be confused 
with the Canyon Creek that lies between Kanektok Eiver and the 
Tuluksak- Aniak region. 

At the head of this creek a dark-gray fetid limestone appears in 
the bed of the creek. This limestone appears to grade into slaty cal- 
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careous argillites. Sandstones, grit, and conglomerate, as well as 
chert and some basic fine-grained igneous rocks, are also f omid within 
the basin of the stream. The rock is not exposed in the bed of the 
creek where mining was being done, but the gravels are made up of 
boulders, cobbles, and pebbles of conglomerate, sandstone, limestone, 
and dense argillite, with a little chert. Some of the boulders are 
much weathered to a light-yellow rock. They were probably basalts 
originally. Overlying 2 to 5 feet of gravel is 2 to 3 feet of black, 
tough clayey muck, over which the stream flows with but Utile cut- 
ting. Some of the gravels are iron stained and partly cemented. 

When the creek was visited, August 11, 1919, a cut 15 by 50 feet 
had been groundsluiced off. The cut was made diagonally across 
the creek bed, to cut the pay streak, if there was one. No boxes had 
yet been put up, so that it was not possible to determine the gold tenor 
of the gravels from the clean-ups. However, two or three pans 
taken along the base of the gravels each gave only a few very small 
colors, and it is doubtful whether the cut paid wages. 

ABOLIC BASIN. 

'Ihe first mining in the Arolic Basin was done in 1900 or 1901, but 
little gold was produced imtil after 1906. The production has come 
chiefly from Butte Creek. Since work was started on Kowkow Creek 
in 1913 the yearly production from that stream Jias probably about 
equaled that from Butte Creek and in some years has exceeded it. 
In 1918 a power scraper was operated on Kowkow Creek. In 1919 
but one claim was being worked in the Arolic basin, three partners 
operating on claim No. 1, above Discovery, on Kowkow Creek. Sev- 
eral other creeks in this basin have been prospected, but their entire 
production is negligible. 

Where mining was being done in 1919 about 6 or 7 feet of over- 
burden was being moved. The upper 1 to 3 feet consists of soU, moss, 
and peat and overlies 3 to 4 feet of nearly black, reddish, or blue- 
gray uncemented gravel, which, in turn, overlies 8 to 15 inches of 
rather fine gravel, containing a little clay. This bottom layer is 
tightly packed and requires considerable picking to loosen, but it 
breaks up readily in running water. The excavation is carried to a 
false bedrock, called " girnibo " on Kowkow and Butte creeks, which 
IS a tight clay that contains a very small amount of gravel and some- 
what resembles a glacial till. The depth to bedrock is not known. 
On Butte Creek the depth below the " gumbo " is said to be 16 to 25 
feet. The gravels are mostly of local origin and consist of argillite, 
basalt, sandstone, and some coarser-grained acidic igneous rocks, 
^n Butte Creek limestone gravel is also found. The Kowkow gold 
is said to assay $17.60 an ounce, and that from Butte Creek somewhat 
higher. 
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OONCLU0IOK8. 

The original deposition of the gold in fissures associated with 
quartz was probably genetically related to the intrusion of the late 
Mesozoic granites into the sedimentary and earlier igneous rocks, 
w^ich range from Paleozoic to probably late Mesozoic in age. 

From the original deposits the gold has been eroded by streams 
and other agencies, not including glaciation, and has been concen- 
trated in placers by some streams, mainly those in the vicinity of the 
granites. 

Glacial erosion has removed most of the gold-placer deposits and 
has scattered the gold widely over a considerable area in amounts 
not suitable for profitable mining. 

Postglacial concentration has been effected by some streams in 
connection with the erosion of the rocks containing auriferous 
veins. In other streams the placers appear to be, at least in part, 
the result of reconcentration from glacial, fluvio-glacial, and marine 
deposits. In a general way, both types of deposits may be found 
in the vicinity of the granites. 

COAL. 

No coal is known in the Goodnews Bay region, although natives 
have brought in to the school teachers and others at Mumtrak 
reports of "a mountain of coal" south of Goodnews Bay. These 
reports have not been verified, and it appears likely that the sup- 
posed coal is a dense black chert or fine-grained black basalt. Small 
seams of coal are reported to occur on Hagemeister Island and on 
the beach near the mouth of Kulukak Kiver, on the north side of 
Bristol Bay. Coal of good quality in thick beds is also said to occur 
north of the Goodnews Bay region, on Eek River, near what is 
known as the island mountain, described as an isolated low moun- 
tain rising well above the surrounding flats and forming a con- 
spicuous landmark. The occurrence of this deposit seems to be well 
authenticated. 

ASBESTOS. 

Along the shore between Cape Newenham and Security Cove there 
are said to be exposed thin seams or veins of a white material, which 
is believed to be asbestos of the very short-fibered variety produced 
by the weathering of serpentinous rocks. It appears to be weathered 
almost to a clay, so that its commercial possibilities appear small. 
The natives occasionally obtain small amounts from this deposit 
and, mixing it with seal oil, use it as a white paint for their kayaks 
and bidarkas. A red paint obtained near by is believed to be 
hydrous iron oxide precipitated from water seeping through pyritif- 
erous slate or argillite. 



MINING ON SEWARD PENINSULA. 



By Geoboe L. Harhikoton. 



PIiACER MINING. 
SUHICABY OF lONINO CONDITIONS. 

During the summer of 1919 climatic conditions on Seward Penin- 
sula were generally favorable for placer mining until the later part 
of September and the first few days of October, when a heavy freeze 
and snow cut off the water supply and necessitated the closing down 
of most of the plants. A bri^ thaw a little later permitted resump- 
tion of work for a short time, but the greater number of plants were 
closed down for the winter by the 1st of October, only the dredges 
and a few of the larger plants continuing mining after that date 
and most of the latter working with reduced crews. Throughout 
the winter season the labor situation was not satisfactory, and there 
was relatively little winter work. In summer the situation improved 
somewhat, but the 8-hour shift was accepted by a number of operators 
only with the greatest reluctance, especially where additional labor 
was not obtainable or other conditions were not such as to make a 
second shift practicable. At numerous places on the peninsula 
many of the plants were obliged to work short-handed, and a few 
used Eskimo labor. 

Gold, tin, and platinum were recovered through some of the 
various methods of placer mining. No information was obtained 
regarding the saving of scheelite as in previous years as a by-product 
of placer mining for gold. Difficulty had been experienced in market- 
ing the product in the past, and this, in connection with the labor 
bvolved, appeared to make the saving not worth while. 

Gold was recovered from most of the operations, and tin (cas- 
siterite) was obtained as usual from the York region, also in small 
amount as a by-product of gold mining on Goodhope River. 
Platinum was recovered with gold from the placer operations in the 
Koyuk and Buckland drainage area. 

During the summer work was continued on several projects of 
direct or indirect benefit to the mining industry. The east jetty of 
the Snake River harbor was completed, and the channel was dredged 
to permit the entrance of small schooners to a secure harbor and their 
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loading and unloading without lightering, an important item in the 
coastwise transportation of supplies from Nome. 

Work was also continued on roads throughout the peninsula, and 
the Candle Creek road was completed as far as claim No. 16 above 
Discovery, Candle Creek. At Nome the road was completed to 
Cape Nome. A road has also been constructed from the landing od 
the Koyuk to the center of mining operations on Dime Creek. 

The Kougarok region appears to have the poorest transportation 
facilities. At present the main line of transit is the railroad, over 
which is run the '*dogmobile. " No repairs have been made on this 
railroad for several years, and according to reports its state of dis- 
repair makes travel over it hazardous. The need is acute of dther 
the construction of a wagon road or the repair and operation of the 
railroad to serve the needs of the miners in the Kougarok River and 
Iron Creek districts. 

Under present conditions of operation there is frequently a short- 
age of much needed repair parts in Nome, as the hardware stores 
have decreased their stocks to include only the staple and more 
quickly salable goods. This has worked a very *great hardship on 
some operators when they were in need of castings for repairs. It 
would appear that this difficulty might be met by the cooperative 
purchase of a small electric furnace, such as has been installed at 
Treadwell, for the making of emergency castings, thus doing away 
with the delay incident to shipment from Seattle. Under condi- 
tions of shipping such as prevailed in 1919 this delay may amount 
at times to a month or more, which may be one-third of the working 
season. 

THAWING OF FBOST IN QBAVELS. 

For some years thawing has boon one of the main problems in 
connection with the dredging of the low-grade auriferous gravels of 
the Nome coastal plain. The method of thamng by a series of 
drainage ditches and laterals in conjunction with natural drainage 
courses hjis been described in general terms by Eakin ^ and has re- 
ceived some consideration by owners and engineers in charge of 
dredging operations. At present consideration is being given to the 
project of making such a drainage canal to enter Snake River near the 
mouth of Center Crook. The initial cost and the uncertainty as to 
the extent of the thawed ground that would result, as well as the 
divided o\\Tioi^hip of the ground, have been the main deterrents to 
the carrying out of this project and similar large-scale thawing oper- 
ations. 

Standard i)ractico in thawing frozen gravels throughout Alaska 
and northern Canada has hitherto involved the use of steam. As 
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the tenor of the workable gravels has decreased, efforts to lower 
operating expenses have resulted in changes in details of the process, 
and each plant has varied the length of points, their spacing, and the 
time of application of steam. The greatest economies appear to 
have been effected by decreasing the time during which steam is 
applied under pressure and allowing a longer period of sweating, thus 
securing greater thawing efficiency for the heat units applied. Ex- 
perimental work 2 has proved the possibility of cold-water thawing, 
and a number of plants have thawed frozen gravel by this method. 

In 1919 cold-water thawing was'used by three dredges on Seward 
Peninsula. On Candle Creek the Candle Creek Mining Co.'s dredge 
pumped water to a tank on the hillside, giving it an opporttinity to 
warm up somewhat before being used in thawing. An even pressure 
was also insured by this method. In the Council region ditch water 
under head was used. At Nome the Alaska Mines Corporation 
thawed ground in advance of dredging on Flat Creek by cold water, 
obtaining pressure by pumping direct to the points. It is probable, 
however, that this company will utilize ditch water under a head, 
instead of pumping. Two dredges in the Iditarod district also used 
cold water for thawing. 

Details of the processes used at all these plants are not at hand, 
but at the plant of the Alaska Mines Corporation, Nome, the tem- 
perature of the water used for thawing was about 55° F. It left the 
frozen ground at a temperature of about 34** or 35° F. After the 
ground is thawed the temperature of the water as it leaves is prac- 
tically the same as that at which it enters. The maximum thick- 
ness of gravels thawed in 1919 was 42 feet, with as much as 20 feet 
of clayey material. It was stated that no trouble from imthawed 
blocks was experienced throughout the siunmer in the dredging 
operations. Points were spaced 10 feet on centers and left in for 7 
days, and a pressure of 25 pounds was maintained by pumping. In 
shallower ground, 7 to 10 feet deep, at Council, where ditch water 
was used, points spaced 5 feet on centers were left in 48 hours. 

GOLD. 

Placer gold is recovered on Seward Peninsula by dredging, by 
underground mining, and by open-cut work including shoveling in, 
the use of the hydraulic giant for stripping and mining, the use of the 
hydraulic lift, and the use of the open hydraulic lift on the Ruble 
elevator. In addition to the plants engaged in producing gold, a 
number were doing preparatory work, such as the construction of 
ditches and the stripping of barren surface material from the aiuifer- 
0U8 gravels to be mined later, and in prospecting. The prospecting 
Was mainly in the nature of proving ground already held, rather than 

s Cathcart, S. H., Mining in nortli western Alaska: U. S. Oeol. Survey Bull. 712, pp. lOO-lM, lOBO. 
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a search for new deposits. In general, relatively little new develop- 
ment of unproved ground was attempted, mainly on account of legis- 
lation permitting the holding of title to claims without the doing of 
assessment work. 

DREDGING OPERATIONS. 

During the summer of 1919 a total of 22 gold dredges were in 
operation for varying periods, as compared with 21 in 1918. They 
were distributed as follows: Nome district, 7; Coxmcil district, 8; 
Solomon district, 4; Kougarok, Fairhaven, and Port Clarence dis- 
tricts, 1 each. A number of other dredges were idle for various 
reasons, chiefly on account of reconstruction or moving to other 
localities. Some were idle, however, while additional areas were 
being proved or prepared for dredging. In the Nome district the 

' Alaska Mines Corporation operated one dredge on Flat Creek, but the 
other dredges of this company were idle, though some were under- 
going repairs and reconstruction. James Bellevue was rebuilding a 
dredge on Dry Creek. The Bangor and Hastings Creek dredges, 
operated in 1918, were idle in 1919. Included in the list of dredges 
in the Nome district is that operated by William Rowe on Snake 
River, primarily for the purpose of deepening the channel of the 
river as a part of the Nome harbor project; but the dredge was also 
operated to save the gold content of the gravels handled. 

In the Council district the Crooked Creek and Melsing Creek 
dredges were again working. The Moody Mining Co.'s dredge was 
idle, but the company expects to operate this dredge in 1920. 
Changes contemplated for 1920 include moving the Elkhom dredge 
(G. & O. Dredging Co.) to Warm Creek and the Camp Creek dredge 
of the Uplift Mining Co. to Golofnin. 

At Solomon four dredges were operating, as compared with five 
in 1918, the Scott & Newburg dredge being idle. One of the Kimball 
dredges was dismantled for shipment to Kuskokwim River. This 
dredge was in Seattle late in 1918, awaiting transportation. 

During the sunmier of 1918 the Kelliher dredge in the Kougarok 
was idle, the owners being engaged in stripping ground for future 
operations. In the Port Clarence district, neither the Dobson dredge 
nor that of the Alaska American Gold Mining Co. (Bernard dredge) 
has worked regularly since 1917. During the summer of 1919 pros- 
pecting was being done by the owners of the Dobson dredge, with a 
view to the resumption of operations. A dredge reported to have 
been brought from Serpentine River was being reconstructed o^ 
Sunset Creek, near Teller, and is said to have been operated for * 
short time late in September and early in October. In the Fairhaven 
precinct only one dredge was operating, that on Candle Creek. I-^^ 
water in the spring again prevented the movement of the I'vcf 
Johnson dredge from the Kugruk to Candle Creek. The dredge ^° 

the Inmachuk was idle also. 
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It 18 reported that on Bonanza Creek, a tributary of Ungalik River, 
at the base of Seward Peninsula^ dredging ground was purchased 
and some development work was done upon it. 

The following is a list of gold dredges operating in 1919 on Seward 
Peninsula^ in addition to which two tin dredges were also working 
in the Port Clarence precinct: 

NOMK DISTRICT. 

Dexter Greek Dredging Go Dexter Greek. 

Arctic Greek dredge Arctic Greek. 

Center Greek Dredging Go Snake River. 

Wm / Bowe Snake River. 

Guinan & Ames Glacier Greek. 

Julien Mining Go OsbcNm Greek. 

Alaska Mines Corporation Flat Greek. 

COUNCIL DISTRICT. 

Femegal & Hanson dredge Crooked Greek. 

Wild Goose Mining & Trading Go Ophir Greek. 

Blue Gooee Mining Go Ophir Greek. 

Northern light Mining Co Ophir Greek. 

G. & O. dredge (formerly Elkhom dredge) Niukluk River. 

Uplift Mining Go Niukluk River. 

Flume Gold Dredging Co Melsing Creek. 

Adams & Wik Goose Creek. 

SOIiOMON DISTRICT. 

Eskimo Dredging Co Solomon River. 

Shovel Greek Gold Dredging Co Solomon River. 

Flower dredge Solomon River. 

Burners, Iverson & Johnson dredge Big Hurrah Greek. 

KOCOAROK DISTRICT. 

Behring Dredging Co Kougarok River. 

FAIRHAVEN DISTRICT. 

Gandle Creek Mining Co Candle Creek. 

PORT CLARENCE DISTRICT. 

Dr. Andrews Sunset Creek. 

Most of the dredges use distillate for fuel, though some are using 
crude oil. A number of dredges are equipped with internal-combus- 
tion engineSi and a few have been equipped for electric operation, 
including the Wild Goose dredge at Council, which obtains hydro- 
electric power generated by ditch water, and the Flat Creek dredge 
at Nome, which obtains its power from a steam-driven turbo-generator 
fired with fuel oil. 

During the summer of 1919 a representative of the company that 
is planning to develop hydroelectric power from a plant in the 
Kigluaik Mountains was in Nome making a survey of potential power 
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users on Seward PeninBuIa* Should it prove feasible to develop 
power from this source, at a reasonable cost, the plant should solve 
the often difficult problem of fuel for the dredges of the Nome, 
Council, and Solomon districts and should prove a potent factor in 
the dredging of the large areas of low-grade auriferous graveb in the 
vicinity of Nome. 

It is estimated that the 22 gold dredges on Seward Peninsula in 
1919 employed 183 men and had a gold yield of S450,000, compared 
with a yield of $469,000 by 21 dredges in 1918. 

UNDEBOBOUND MINING. 

There was a very notable decrease in both underground and open- 
cut mining on Seward Peninsula during 1917 and 1918, and this 
decrease continued in 1919. It is to be attributed to a number of 
causes. The high-grade placers, which can be mined profitably by 
small-scale operations, are gradually approaching exhaustion. Those 
that are not exhausted are being consolidated into larger holdings, 
to be mined more economically by larger operations extending over 
a period of years. The increased cost of practically all supplies, 
of transportation, and to a lesser extent of labor have made unprofit- 
able the mining of much ground which could formerly have been 
worked at a profit. The higher wages paid in the manufacturing 
industries in the Western States for the labor formerly employed, 
much of it skilled or semiskilled, have attracted and held many of 
those formerly engaged in mining, so that there is an actual shortage 
of labor for the mining industry. As a result there are fewer men 
engaged in the search for and development of new deposits during 
those seasons of the year when relatively little mining is being done. 

In 1919 about 17 deep placer mines were worked in Seward Penin- 
sula. It is estimated that 10 mines were worked during the winter 
and 7 in the summer, employing about 78 men. The operations 
so far as known were distributed as indicated in the following list: 
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By for the largest part of the production from the deep placer 
mines was made during the winter, and operations of this type were 
relatively less productive in the summer of 1919; moreover, there 
were fewer mines in operation. 
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OPEN-CUT WOBE. 



In the Bununer of 1919, 74 open-cut mines, mcluding 24 hydraulic 
plants, were operated, employing an approximate total of 332 men. 
Operations were distributed by districts as follows: 

Open-eut gold placer miiut on Stward Pmtn«ula, 1919. 
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Included in the list of hydraulic operations are the plants using 
Ruble elevatora on Bear Creek and at Candle, in the Fairbaveu dis- 
trict. Two plants in the Nome district and one on Inmacbuk Kirer 
used hydraulic lifts. Under "Other open-cut operations" are placed 
three plants, two of which were engaged in the preparation of 
ground for dredging and one in the construction of a ditch preparatory 
to mining. 

PBODUCnON. 

There were 91 gold placer mines and 22 gold dredges operated on 
Seward Peninsula in 1919. Approximately 550 men were employed 
in these operations, and the production is estimated at (1,400,000, 
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TIN. 

The dredges of the American Tin Mining Co. and the York Tin 
Dredging Co. were both in operation in 1919, the American on Buck 
Creek and the York on Grouse Creek. Three men were engaged in 
shoveling into sluice boxes on Buck Creek above the dredge. A total 
of 25 men were engaged in tin mining, and the production was about 
56 tons. 

In addition to the recovery in the York region a few huDdred 
poimds of tin concentrates were saved in connection with gold 
mining on Humboldt Creek, a tributary of Goodhope River. These 
concentrates were not shipped in 1919. 

TULTHsnnL 

In 1919, as in previous years, platinum was recovered with the 
gold on Bear, Dime, and Sweepstakes creeks at the base of Seward 
Peninsula. The production was probably about 20 oimces. 

IiODE MINING. 

There was relatively little lode mining on Seward Penmsula in 
1919. Assessment work was done on a few properties, and tide to 
other claims, on which no assessment work was done, was main- 
tained by the filing of the necessary affidavits. 

GOLD. 

One gold lode mine near Bluff is said to have operated during the 

winter, and the ore mined was milled during the summer by means of 

water power. 

TIN. 

A crew of about 12 men is reported to have worked at the tin mine 
on Lost River during the winter of 1918-19, and about 25 men during 
the summer. The winter work consisted mainly of retimbering, 
enlargement of drifts and shafts, and deepening of shafts. A number 
of buildings were erected, and a compressor plant was installed to 
furnish air for drills and for ventilation. A large warehouse was also 
built on the beach at the mouth of the river. A considerable ship- 
ment of mining machinery and supplies for this property was unloaded 
at the mouth of Lost River from the freighter Cordova in October, 
1919. 

SILVEIULEAD. 

The silver-lead prospect on Kugruk River near Independence 
Creek was further developed during 1919, a crew of 6 to 14 men 
working throughout the year. The work appears to have consisted 
mainly in sinking the shaft. Data regarding the amount of lateral 
development are not at hand. A considerable amount of ore has 
been mined during the development work but has not been shipp^ 
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owing to difficulties of transportation. An effort is said to have been 
made to get a shipment of ore down the Kugruk in small scows. 
Low water during, the spring when a high stage was expected pre- 
vented these boats from getting down the river. Additional develop- 
ment work was to be dcme during the winter of 1919-20. 

The principal difficulty in operating this property seems to lie in 
the transportation of supplies to the mine and of the ore from the 
mine. Tlie experience in 1919 indicates that shipments of ore down 
the river will probably not prove feasible, and it will doubtless be 
necessary to haul the ore to Candle or Deering. The Candle road has 
been constructed from Candle as far up Candle Creek as claim No. 
16y and it will probably prove most economical to extend this road to 
the mine rather than to build all the way to Deering. An atrial 
tram may prove more economical than road haulage, should it be 
tound that a large tonnage will have to be handled. The possibility of 
developing power for the operation of the tram from the coal found 
on the Kugruk may make this method of haulage the most 

economical. 

COAL.. 

Coal has been obtained for a number of years from the Kugruk 
coal beds, having been mined on Chicago Creek and on the Kugruk 
between Reindeer and Montana creeks. This coal is used extensively 
in Candle and Deering at times when the supply from British Columbia 
or Washington is insufficient for heating and generating power for 
mining. 

Applications for permits to mine coal for two years at these two 
localities were made and permits granted during September, 1919. It 
is the intention of the operators to mine coal for the local use of 
Candle and Deering and for use at the silver-lead mine on the Kugruk. 
Most of the product of these mines will be hauled in winter. 

A permit was also issued in September, 1919, to mine coal on the 
Koyuk 1^ nules from its mouth, presumably for use on Dime Creek. 

In 1918 three permits to mine coal on Unalaklik River for two 
years were issued, and some coal was hauled by small vessels to Nome 
and St. Michael, but none was reported for 1919. 

OIL. DRIL.LINO. 

Additional drilling has been done near Hastings Creek in the 
endeavor to find oil, a hole 350 feet in depth being reported. As 
indicated by Cathcart,* the drilling is being done in an area of metar 
morphic and igneous rocks — ^formations which contain no oil — and the 
hopes of obtaining oil in this locality are ill founded 

* Oithcait, S. H., Mining in northwestern Alaska: U. S. Oeol. Survey BoU. 713, p. 197, 1030^ 
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Ooodnews Bay region, igneooa rocks of 21S-210 
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mineral resources of 220-228 
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placer mining in * 222-228 

sedimentary rocks of 216-218 

stracture of 216 

transportation and mail service to — 210-211 

vegetation of 212-213 

Granite, distribution of. 54 
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Graves, Miss Lucy, work of. 100 

Green Lake outlet at Silver Bay, near Sitka 161-162 

water power on 186 

Grindstone Creek at Taku Inlet 171-172 

water power on <. 1 84 

Grouse Creek, tin dredging on 71 

Gypsum, mining of. 54, 75 

H. 

Harrington , George L., field work of 101 

Mtncfftkl resources of the Ooodnews Bay 

region 207-228 

Mining on Seward Peninsula 220-237 

Hasselborg Lake outlet, water power on 185 

Hatcher, J. B., claims prospected by 205-206 

Hobart Bay, stream entering, water power on 185 

Hot Springs district, production In 71, 82 

tin deposits In , 37 

Humboldt Creek, tin recovered on 71 

I. 
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niamna region, copper deposits in 33-34 

Indian River district, production in 01 

Innoko district, production in 01-4)2 

Iron, deposits of 41-43 

J. 

Jade, occurrence of 55 

Jualin-Alaska Mines Co., development work 
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Joneau, Odd Creek at 177-178 
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K. 

Kantishna district, operations and produo- 
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silver-lead discovery in 61 
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Island 157-158 

water power on 187 

Kenai Peninsula, operations on 78 
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Limestone, distribution of 54 

Little Eldorado Creek , production on, 81 

Little Gem Oold Mining Co., development 

workby 204 

Little Sttsltna River, mineralisation on 205-206 
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Lodes, gold , widespread occurrence of 11-12 

Long Lake outlet at Speel River, water 

poweron 185 

Long River below Second Lake, at Port 

Snettisham 160-170 
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Mertle, J. B. Jr., field work of IOC 
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kan districts 105>128 

Notes on the Salnum-Unuk River re- 
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Mining, gold-lode, obstacles to 11-12 
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Mining industry, outlook for 56-67 

MoAt, Fred H., field work of 100 

Mlningin Cbltina Valley 180-106 

Molybdenite, occurrence of 41 

Molybdenum, mining of 118-110 
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Moose Creek copper claims, description of 206 

Mount Wrangell Copper Co. , holdings of 103 

Myrtle Creek at Myrtle I^ke outlet, Prince 

of Wales Island, water power on. 187 

atNiblack 144-145 

at Niblack Lake outlet, water power on . . 187 

N. 

Nabesna-White River region, copper deposits 

in 34-35 

Nenanalignite field, operations in 86-87 

railroad connection vriih 61,73.80 

tests of lignite from 86-87 

Niblack, Prince of Wales Island, MyrtleCreek 

at 144-14.T 

Niblack Lake outlet, Myrtle Creek at, water 

power on 187 

Nickel, occurrence of 40 

Nickel, Falls Creek at, near Chlchagof 17»-180 

Porcupine Creek near 181-182 

Niukluk River, Cound Idlstrict, dredging on . 233 

Nivation in the Ooodnews Bay region 210 

NUlna district, placer mining in 60 

Noatak-Kobuk region, copper-bearing lodes 

in 36 

Norris Creek at Norris Glacier, water power 
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North Midas Copper Co.'s property, ore body 

ande<iuipmentof 191-192 

Nowell-Otterson claims, mineralication and 

development of 116-118 
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suspended by Alaska Copper Co. 190 
Nugget Creek, Mendenhall Glacier, water 

power on 184 
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Office at Anchorage, purposes of 101-102 
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Orchard I^ke outlet at Shrimp Bay, Revi- 

llagig^o Island 152-151 

water power on 186 

Outline, historical 5-6 

Outlook for the mining industry 56^7 
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Patterson Bay, Baranof Island, water po^er 
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Peat, distribution of. M 

utilization of 51-2 

Pendleton, T. P., field \*-ork of loi 

Perseverance mine, operation of IW 

Petersbiug, Cascade Creek at Thomas Bay, 

near 15&-18) 

Peterson Creek, gold-bearing fiiwrtc veins on. 2^3 
Peterson Lake outlet, near Kagle River Land- 
ing, water power on IM 
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Petroleum, occurrence of 5»-a,74 

production of 71-75 
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Placer mining, condition of. M^ 
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water power on 15^ 

Port Houc^ton, stream entering, water power 
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Portland Canal district, discoveries in 61 
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River 166-168 
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Potash, occurrence of 55 
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on. 144-145,157-158 

operations on 118-128 

water power on 1^7 
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production on 24 
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Riehardaon district, production in 83-«4 

Rock, W. F., development work by 204 

Ruby diatrict, production in. 91 

Rush & Brown mine, operation of 121 

orebodiesln 119-121 

Russian Mountains, copper in 35 

S. 
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Salman Creek near Juneau, water power on. . 184 

Salmon River valley, geography of 138-139 

geology of. 139 
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ore<lepositBin 139-140 
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of. 129,131-134 
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map of 130 
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Salt Chuck mine, composition of ores of. . . . 123-124 

mineralisation of. 121-122 

operation of. 12ft-127 
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Scope of the report 3-4 

Sea levels RevUlai^gedo Island, Fish Creek 

near 140-150 

Second Lake, Baranof Uland, waterpower on. 157 
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Snettlsham 100-178 
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conditions of mining on 223-230 
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lodeminingon 230-237 
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production on 235-237 

silver^lead mining on 236-237 
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tin mining on 236 

Sbakan, molybdenite lode near 118 

Shear-cone deposits, nature of 17-18, 20-24 

Sheep Creek at Thane, water power on 184 

near Thane 175-176 

Shelockum Lake outlet at Bailey Bay 156-156 

water power on 186 

Sherman Creek at Comet , water power on . . . 184 
Shrimp Bay, Revlllagigedo Island, Orchard 

Lakeoutletat 152-154 

Silver, occurrence and production of 36-37 

production of , 1880-1919 62-66 

on Seward Peninsula 235,236 

Silver Bay, near Sitka, Green Lake outlet 

at 161-162 

^tka, Oreen l^ake outlet at SUver Bay, 

near 161-162 

finake River, Nome district, dredging on. . 232, 233 



Page. 
Snettlsham, Sweetheart Falls Creek 

near 165-166,185 

Solomon River, Seward Peninsula, dredging 

on 232,233 
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copper mining in 60 

field work in lOO 

gaglng-station records in 143-187 
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production in. 76 

Southwestern Alaska, developments in 78 
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outlet at 166-168 
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Springs, hot, distribution of 56 

mineral, distribution of 56 

Spruce Creek at and near Windham Bay 183 
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Sunny Cove, Carlson Creek at 173-174 

Sunset Creek, Port Clarence district, dredg- 
ing on 232,233 

Susltna coal field, mining in 78 

Susitna Valley region, conditions of mining 

in 33 

copper deposits in 81-33 

prospecting for copper in. 69 
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upper, operations in 78 

work in loi 

Swan Lake outlet at Carroll Inlet, Revllla- 
gigedo Island 161-152 

water power on 186 

Sweetheart Falls Creek near Snettlsham. . . 166-166 
water power on. 185 

T. 

Talya Inlet, stream on west shore of, water 

poweron 184 

Taku Inlet , Grindstone Creek at 171-172 

Tamgas Lake, Annette Island, water power 

on 187 

Tease Lake outlet at Port Snettlsham, water 

poweron 185 

Tallurides, report of, in the Willow Creek 

district 201 

Thane, Sheep Creek near 175-176 

Thawing of gravels, changes in processes 

for 230-231 

Thomas Bay, near Petersburg, Cascade 
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Thurmond, F. L., acknowledgment to 206 
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production of 70-71 

Tolovana district, production in 82 
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Transportation, need for 60 
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Overbeck. In Bulletin 692, 1919, pp. 91-136. 50 cents. 

The Porcupine district, by H. M. Eakin. Bulletin 699, 1919. 29 pp. 

*Water-power investigations in southeastern Alaska, by G. H. Canfield. In Bulle- 
tin 712, 1920, pp. 53-90. 

Lode mining in the Juneau and Ketchikan districts, by J. B. Mertie, jr. In Bulle- 
tin 714, 1921, pp. 105-128. 

Notes on the Unuk-Salmon River region, by J. B. Mertie, jr. In Bulletin 714, 1921, 
pp. 129-142. 

Water-power investigations in southeastern Alaska, by G. H. Canfield. In Bulletin 
714, 1921, pp. 143-187. 

In preparation. 

Marble deposits of southeastern Alaska, by E. F. Burchard. Bulletin 682. 
The Juneau district, by A. C. Spencer and H. M. Eakin. 

Geology of the Glacier Bay and Lituya region, Alaska, by F. E. and C. W. Wright 
The Ketchikan district, Alaska, by Theodore Chapin. 

TOPOORAPHIC MAPS. 

♦Juneau gold belt, Alaska; scale, 1 : 250,000; compiled. In ♦Bulletin 287. 75 
cents. Not issued separately. 

Juneau special (No. 581A); scale, 1 : 62,500; by W. J. Peters. 10 cents retail or 6 
cents wholesale. 

Berners Bay special (No. 581B); scale, 1 : 62,500; by R. B. Oliver. 10 cents retail 
or 6 cents wholesale. 

Kasaan Peninsula, Prince of Wales Island (No. 540A); scale, 1 : 62,500; by D. 0. 
Witherspoon, K. II. Sargent, and J. W. Bagley. 10 cents retail or 6 cents whole- 
sale. Also contained in Professional Paper 87. 
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Copper Mountain and vicinity, Prince of Wales Island (No. 640B); scale, 1 : 62,500; 
by R. H. Saiigent. 10 cents retail or 6 cents wholesale. Also contained in Pro- 
fessional Paper 87. 

Eagle River region (No. 581G); scale, 1 : 62,500; by J. W. Bagley, G. E. GifBn, and 
R. E. Johnson. In Bulletin 502. Not issued separately. 

Juneau and vicinity (No. 58ID); scale, 1 : 24,000; contour interval, 50 feet; by D. G. 
Witherspoon. 10 cents. 

CONTROLLER BAT, FRINGE WILLIAM SOUND, ANB COPPER RIVER RE- 
GIONS. 

BXP0&T8. 

*The petroleum fields of the Pacific coast of ^Alaska, with an account of the Bering 

River coal depodts, by G. C. Martih. Bulletin 250, 1905, 64 pp. 15 cents. 
•Geology of the central Copper River region, Alaska, by W. C. Mendenhall. Profes- 

abnal Paper 41, 1905, 133 pp. 50 cents. 
•Geology and mineral resources of Controller Bay region, Alaska, by G. C. Martin. 

Bulletin 335, 1908, 141 pp. No copies available. May be consulted at many public 

libraries. 
•Notes on copper prospects of Prince William Sotmd, by F. H. Moffit. In BuUetin 

345, 1908, pp. 17&-178. 45 cents. 
Mineral reeources of the Kotsina-Chitina region, by F. H. Moffit and A. G. Maddi^n. 

Bulletin 374, 1909, 103 pp. 
^Copper mining and prospecting on Prince William Soimd, by U. S. Grant and D. F. 

Higgins, jr. In Bulletin 379, 1909, pp. 78-96. 50 cents. 
•Gold on Prince William Sound, by U. S. Grant, In Bulletin 379, 1909, p. 97. 

50 cents. 
Mining in the Kotsina-Chitina, Chistochina, and Valdez Creek regions, by F. H. 

Moffit. In Bulletin 379, 1909, pp. 153-160. 
Mineral resources of the Nabesna-White River district, by F. H. Moffit and Adolph 

Knopf; with a section on the Quaternary, by S. R. Gapps. Bulletin 417, 1910, 

64 pp. 
Mining in the Ghitina district, by F. H. Moffit. In Bulletin 442, 1910, pp. 158-163. 
Mining and prospecting on Prince William Sound in 1909, by TJ. S. Grant. In Bulle- 
tin 442, 1910, pp. 164-165. 
Reconnaissance of the geology and mineral resources of Prince William Sound, Alaska, 

by U. S. Grant and D. F. Higgins. Bulletin 443, 1910, 89 pp. 
Geology and mineral reeources of the Niadna district, Alaska, by F. H. Moffit and S. R. 

Cappe. Bulletin 448, 1911, 111 pp. 
Headwater regions of Gulkana and Susitna rivers, Alaska, with accounts of the Valdez 

Greek and Chistochina placer districts, by F. H. Moffit. Bulletin 498, 1912, 82 pp. 
*The Ghitina district, by F. H. Moffit. In Bulletin 520, 1912, pp. 105-107. 50 cents. 
•Gold deposits near Valdez, by A. H. Brooks. In Bulletin 520, 1912, pp. 108-130. 

50 cents. 
Coastal glaciers of Prince William Sound and Kenai Peninsula, Alaska, by U. S. 

Grant and D. F. Higgins. Bulletin 526, 1913, 75 pp. 
The McKinley Lake district, by Theodore Chapin. In Bulletin 542, 1913, pp. 

78-80. 
Mining in Ghitina Valley, by F. H. Moffit. In Bulletin 542, 1913, pp. 81-85. 
Mineral deposits of the Ellamar district, by S. R. Gapps and B. L. Johnson. In Bul- 
letin 642, 1913, pp. 86-124. 
The mineral deposits of the Yakataga region, by A. G. Maddren. In Bulletin 592, 

1914, pp. 119-154. 
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and v. B. Gnnt Biilelin 887^ 191ft, 9i» pp. 
Ifinanl mourcoa of jtbe GhiMaia-Wbito BIm dlalrict, AImIm, by 8^ B. C^pi. In 

Bulletin 622, 1916, i^. 189-228. 
ifineial depoelti of tbe Xotdna-Kudralatoit dSslrict, iviik note on mSsabigia^Qdlim 
/ ValWy,byF.H.lfoffit In]&d]elln828, 191ft,pp. 108-llt. 
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,622, 1916, n^.U8-180. 
IGning on Frince 'mUiim Sound, by B. L. lobneon. In MBMa ta; IM, pp. 

181r'189. 

The gold and copper d^poiiii of the Bolt Veldwdielric^ feBoi- 

letin 622, 1915, pp. 140-188. 
Ilie Eaiaouir dirtdct, by 8. B. O^ppi and B. L. lo^^ BiAf|in606^ 1259p. 
A naler-poifeir ieconnai«anoe in acHrth^cential AImItbi by C. B. BUairartbaadB. W. 

Be'venport. Water-supply Biper 872, ITS pp. • - 
Ifineralieeotticea of the upper Cadtina Valley, by F.H.li(iffit bBiiBMinM,lll6, 
, pp. 129^186. 

Mining on Fdnce WHliain Sound, by B. L. Jdbnaoa. la MHetbi 642, lOe, 19^ 
♦ 187-146. ' 

Ifioiiigin the lower Ooi^per Biver baflin, by F. H. Moffit. In Bulletin 682, 1017, pp. 

155-182. 
Retreat of Barry Glacier, Port Wells, Prince Williant Sound, Alaaka, betfroen 1910 

and 1914, by B. L. Johnaon. In Profeflaioiial Paper 98, 1916, pp. 85-^6. 
Mining on Prince William Sound, by B. L. Johnson. In Bulletin 662, 1917, pp. 

183^192. 
Copper deposits of the Latouche and Knight Island districts. Prince Willism Scmnd, 

by B. L. Johnson. In Bulletin 662, 1917, pp. 193-220. 
The Nelchina-Susitna region, by Theodore Chapin. Bulletin 668, 1918, 67 pp. 
The upper Chitina Valley, by F. H. Moffit, with a description of the igneous rockB, by 

R. M. Overbeck. Bulletin 675, 1918, 82 pp. 
*Platinuin-bearing auriferous gravels of Chistochina River, by Theodofe Chapin. Id 

Bulletin 692, 1919, pp. 137-141. 60 cents. 
^Mining in Prince William Sound, by B. L. Johnson. In Bulletin 692, 1919, pp- 

143-151. 50 cents. 
*The Jack Bay district and vicinity, by B. L. Johnson. In Bulletin 692, 1919, pp. 

163-173. 50 cents. 
♦Mining in central and northern Kenai Peninsula in 1917, by B. L. Johoflon. In 

Bulletin 692, 1919, pp. 175-176. 50 cents. 
Nickel deposits in the lower Copper River valley, by R. M. Overbeck. In Bulletin 

712, 1919, pp. 91-98. 
Preliminary report on the chromite of Kenai Peninsula, by A. C. Gill. In Bulletin 

712, 1920, pp. 99-129. 
Mining in Chitina YaUey, by F. H. Moffit. In Bulletin 714, 1921, pp. 189-196. 
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The Kotsina-KoBkulana diatrict, by F. H. Moffit. 

The Latouche and Knight Island districte, Prince William Sound, Alaska, by B. L. 

Johnson. 
The Valdez-Jack Bay district, Prince William Sound, Alaska, by B. L. Johnson. 
The Yakataga r^on, by A. G. Maddren. 
Chromite of Kenai Peninsula, Alaaka, by A. C. Gill. 

TOPOOBAPHIO HAPS. 

Central Copper River region, reconnaissance map; scale, 1:250,000; by T. G. Gerdine. 

In ^Professional Paper 41. 50 cento. Not issued separately. 
Headwater regions of Copper, Nabesna, and Cbisana rivers, reconnaissance map; 

scale, 1:250,000; by D. C. Witherspoon, T. G. Gerdine, and W. J. Petera. In 

^Professional Paper 41. 50 cento. Not issued separately. 
Controller Bay region (No. 601A); scale, 1:62,500; by E. G. Hamilton and W. R. Hill. 

35 cento retail or 21 cento wholesale. Also published in ^Bulletin 335. 
Chitina quadrangle (No. 601), reconnaissance ipap ; scale, 1 :'250,000; by T. G. Gerdine, 

D. C. Witherspoon, and others. 60 cento retail or 30 cento wholesale. Also pub- 
lished in Bulletin 576. 
Nizina district (No. 601B); scale, 1:62,500; by D. C. Witherspoon and R. M. La 

Follette. In Bulletin 448. Not issued separately. 
Headwater regions of Gulkana and Susitna rivers; scfde, 1:250,000; by D. C. Wither- 
spoon, J. W. Bagley, and C. £. Giffin. In Bulletin 498. Not issued separately. 
Prince William Sound; scale, 1:500,000; compiled. In Bulletin 526. Not issued 

separately. 
Port Valdez district (No. 602B); scale, 1:62,500; by J. W. Bagley. 20 cento retoil or 

12 cento wholesale. 
The Bering River coal fields^ scale, 1:62,500; by G. C. Martin. 25 cento retail or 15 

cento wholesale. 
The Ellamar district (No. 602D); scale, 1:62,500; by R. H. Saigent and C. E. Giffin. 

Published in Bulletin 605. Not issued separately. 
Nelchina-Susitna region; scale, 1:250,000; by J. W. Bagley, T. G. Gerdine, and others. 

In Bulletin 668. Not issued separately. 
Upper Chitina Valley, reconnaissance map; scale, 1:250,000; contour interval, 200 

feet; by International Boundary Commission, F. H. Moffit, D. C. Witherspoon, 

and T. G. Gerdine. In Bulletin 675. Not issued separately. 

In preparation. 

The KotsinarKuskulana district (No. 601C); scale, 1:62,500; by D. C. Witherspoon. 
The Port Wells region; scale, 1:250,000; byJ. W. Bagley. 
Jack Bay district; scale, 1:62,500; by J. W. Bagley. 

GOOK INLET AND SUSITNA REGION. 

BBPORT8. 

*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposito, by G. C. Martin. Bulletin 250, 64 pp. 15 cento. 
*6old placers of Tumagain Arm, Cook Inlet, by F. H. Moffit. In Bulletin 259, 1905, 

pp. 90-99. 15 cento. 
^Mineral resources of the Kenai Peninsula, Alaska, by F. H. Moffit and R. W. Stone. 

Bulletin 277, 1906, 80 pp. 25 cento. 
^Reconnaissance in the Matanuska and Talkeetna basins, Alaska, with notes on the 

placers of the adjacent region, by Sidney Page and Adolph Knopf. In Bulletin 

314, 1907, pp. 104-125. 30 cento. 
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*Gold placen of the Mulchatna, by F. J. Katz. In Bulletin 442, 1910, pp. 201-202. 

40 cents. 
*(jeolpgic reconnaiflBance in the Matanuska and Talkeetna baainB, Alaska, Jt^y Sidney 

PAige and Adolph Knopf. Bulletin 327, 1907, 71 pp. 25 cents. 
*The Mount McKinley region, Alaska, by A. H. Brooks, with description of the 

igneous rocks and of the Bonnifield and Kantishna districts, by L. M. Prindle. 

Professional Paper 70, 1911, 234 pp. 70 cents. 
*A geologic feconnaissance of the Iliamna region, Alaska, by G. C. Martin and F. J. 

Katz. Bulletin 485, 1912, 138 pp. 35 cents. 
Qeolpgy and coal fields of the lower Matanuska Valley, Alaska, by G. 0. Martin and 

F. J. Kats. Bulletin 500, 1912, 98 pp. 
The Yentna district, Alaska, by S. R. Capps. Bulletin 534, 1913, 75 pp. 
Grold lodes and placen of the Willow Creek district, by S. R. Oapps. In Bulletin 592, 

1914, pp. 245-272, 
Mineral resources of the upper Matanuska and Nelchina valleys, by G. C. Martin and 

J. B. Mertie, jr. In BuUetin 592, 1914, pp. 273-300. 
Preliminary report on the Broad Pass region, by F. H. Moffit. In Bulletin 592, 1914. 

pp. 301-306. 
Mining in the Valdez Greek placer district, by F. H. Moffit. In Bulletin 592, 1914, 

pp. 307-308. 
The geology and mineral resources of Kenai Peninsula, Alaska, by G. 0. Martin, B. L. 

Johnson, and U. S. Grant. Bulletin 587, 1915, 243 pp. 
The Willow Creek district, by S. R. Capps. Bulletin 607, 1915, 86 pp. 
The Broad Pass region, by F. H. Moffit and J. E. Pogue. Bulletin 608, 1915. 80 pp. 
Auriferous gravels of the Nidlchina-Suaitna region, by Theodore Chapin. In Bnlletin 

622, 1915, pp. 118-130. 
The Tumagain-Knik region, by S. R. Capps. In Bulletin 642, 1916, pp. 147-194. 
Gold mining in the Willow Creek district, by S. R. Capps. In BuUetiQ 642, 1916, 

pp. 195-200. 
The Nelchina-Susitna region, by Theodore Chapin. Bulletin 668, 1918, 67 pp. 
^Mineral resources of the upper Chulitna region, by S. R. Capps. In Bulletin 692, 

1919, pp. 207-232. 50 cents. 
*Gold-lode mining in the Willow Creek district, by S. R. Capps. In Bulletin 692, 

1919, pp. 177-186. 50 cents. 
^Mineral resources of the western Talkeetna Mountains, by S. R. Capps. In Bulletin 

692, 1919, pp. 187-205. 50 cents. 
*Platinum-bearing gold placers of Kahiltna Valley, by J. B. Mertie, jr. In Bulletin 

692, 1919, pp. 233-264. 50 cents. 
*Chromite deposits of Alaska, by J. B. Mertie, jr. In BuUetin 692, 1919, pp. 265-267. 

50 cents. 
*Geologic problems at the Matanuska coal mines, by G. C. Martin. In BuUetin 692, 

1919, pp. 269-282. 50 cents. 

Preliminary report on chromite of Kenai Peninsula, by A. C. Gill. In Bulletin 712, 

1920. pp. 99-129. 

Mining in the Matanuska coal field and the Willow Creek district, by Theodore Chapin 
In Bulletin 712, 1920, pp. 131-176. 

Mining developments in the Matanuska coal fields, by Theodore Chapin. In Bulle- 
tin 714, 1921, pp. 197-199. 

Lode developments in the Willow Creek district, by Theodore Chapin. In Bulletin 

714, 1921, pp. 20-206. 

In preparation. 

The geology of upper Matanuska basin, by G. C. Martin. 
The western Talkeetna Mountains, Alaska, by S. R. Capps. 
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Chromite of Kenai Peninsula, Alaska, by A. C. Gill. 
The Seward-Fairbanks route, by S. R. Capps. 

TOPOORAPHIC KAPB. 

Kenai Peninsula, southern portion; scale, 1 : 500,000; compiled. In Bulletin 526, 

Not inued separately. 
Matanuska and Talkeetna region, reconnaissance map; scale, 1 : 250,000; by T. G. 

Gerdine and R. H. Sargent. In ^Bulletin 327. 25 cents. Not issued separately. 
Lower Matanuska Valley; scale, 1 : 62,500; by R. H. Sargent. In Bulletin 500. 

Not issued separately. 
Yentna district, reconnaissance map; scale, 1 : 250,000; by R. W. Porter. Revised 

edition. In Bulletin 534. Not issued separately. 
Mount McKinley legion, reconnaissance map; scale, 1 : 625,000; by D. L. Reabum. 

In ^Professional Paper 70. 70 cents. Not issued separately. 
Kenai Peninsula, reconnaissance map; scale, 1 : 250,000; by R. H. Sargent, J. W. 

Bagley, and others. In Bulletin 587. Not issued separately. 
Moose Pass and vicinity (602C}; scale, 1 : 62,500; by J. W. Bagley. In Bulledn 587. 

Not issued separately. 
The Willow Creek district; scale, 1 : 62,600; by C. £. Giffin. In Bulletin 607. Not 

issued separately. 
The Broad Pass region; qcale, 1 : 250,000; by J. W. Bagley. In Bulletin 608. Not 

issued separately. 
Lower Matanuska Valley (602A); scale, 1 : 62,500; contour interval, 50 feet; by R. H. 

Sargent. 10 cents. 
Nelchina-Susitna region; scale, 1 : 250,000; by J. W. Bagley. In Bulletin 668. Not 

issued separately. 

In preparation. 

The Seward-Fairbanks route; compiled; scale, 1 : 250,000. 
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*A reconnaissance in southwestern Alaska, by J. £. Spurr. In Twentieth Annual 

Report, pt. 7, 1900, pp. 31-264. $1.80. 
*6old mine on Unalaska Island, by A. J. Collier. In Bulletin 259, 1905, pp. 102-103. 

15 cents. 
*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposits, by G. C. Martin. Bulletin 250, 1905, 64 pp. 15 cents. 
•Geology and mineral resources of parts of Alaska Peninsula, by W. W. Atwood. 

Bulletin 467 , 1911, 137 pp. 40 cents. 
A geologic reconnaissance of the Iliamna region, Alaska, by G. C. Martin and F. J. 

Katz. Bulletin 485, 1912, 138 pp. 
Mineral deposits of Kodiak and the neighboring islands, by G. C. Martin. In Bulletin 

642, 1913, pp. 125-136. 
The Lake Clark-Central Kuskokwim r^on, by P. 8. Smith. Bulletin 655, 1918, 

162 pp. 
*Beach placers of Kodiak Island, Alaska, by A. G. Maddren. In Bulletin 692, 

1919, pp. 299-319. 50 cents, 
*Sulphur on Unalaska and Akun islands and near Stepovak Bay, AJaaka, by A. G. 

Maddren. In Bulletin 692, 1919, pp. 283-298. 50 cents. 
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Henndeen Bay mm! Us^ft Idaad fQgioB» ncooadnMice wamp; Mide, 1:M,0M; by 

H/lCEiOdii. In 'Bulletin 467. 40 cents. NotknedeepMitely. 
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'Bulletin 467. 40 cents. NotiMnedeepantely. 
niamna region, reoonnaiaance map; ecale, 1 : 250,000; by D. 0. 'WfOnBogoaa mi 

C. E. Giffin. In Bolietin 486. Not iamed aepaiately. 
•Kndrakwim River and Biirtol Bay region; aeale, 1 : 625,000; by W. B. FoiL In 

Twentieth Annnal Report, pt. 7. |1.80. Not ianied aepaiately. 
Lake CSaikOential Xwkokwim region, reconnaiannce map; acale, 1 : 280,000; by 

R. H. Saigenti D. C. WitfaeiqxKm, and C. E. OilBn. In Bulletin 655. NotlMed 

aepaiataly. 

YUKON AND KUSKOKWIK BABIN8. 



*The coal naourcea of. the Yukon, Alaeka, by A. J. OolUer. Bulletb 218, UOX 

71 pp. 15 centa. 
"Occurrence of gold in the Yukon-Tuiana region, by L. M. Prindle. In Billetia 

345, 1908, pp. 179-186. 45 centa. 
The Fortymile quadrangle, Yukon-Tanana r^gkm, Alaska, by L. M. MoHlk 

BuUedn 375, 1909, 52 pp. 
Watersupply inveetigatknia in Yukte-Tanana region, Alaska, 1907-8 (Ftiibiakf, 

Gfade, and Rampart diatiicta), by G. G. Covmt and 0. E. Ellawerth. Wita>* 

Supply Paper 228, 1909, 108 pp. 
The Innoko gold-placer diatiict, Alsaka, with accounts of the central Kukokvoi 

VaUey and the Ruby Greek and Gold Hill placesa, by A. 0. Maddren. BnUfltiB 

410, 1910, 87 pp. 
ICineral reeourcea of Nabeana-White River diatrict, by F. H. Moffit and Adolpik 

Knopf, with a aection on the Quaternary by S. R. Gappe. Bulletin 417, 1910, 

64 pp. 
*Placer mining in the Yukon-Tanana r^on, by G. E. Ellsworth. In Bulletin 442, 

1910, pp. 230-245. 40 centa. 
"Occurrence of wolframite and caasitmte in the gold placera of Deadwood Cre^i 

Birch Greek diatrict, by B. L. Johnaon. In Bulletin 442, 1910, pp. 246-250. 40 

centa. 
Placer mining in the Yukon-Tanana region, by G. E. EUaworth and G. L. Paiker. 

In Bulletin 480, 1911, pp. 153-172. 
Gold-placer mining developmenta in the Innoko-Iditarod region, by A. G. Maddio. 

In Bulletin 480, 1911, pp. 236-270. 
Placer mining in the Fortymile and Seventymile river diatricta, by E. A. Fortfv* 

In ♦Bulletin 520, 1912, pp. 211-218. 60 cents. 
Placer mining in the Fairbanka and Circle districtB, by G. E. EUaworth. In *Bulletin 

520, 1912, pp. 240-245. 50 cents. 
Gold placers between Woodchopper and Fourth of July creeks, upper Yukon River, 

by L. M. Prindle and J. B. Mertie, jr. In ♦Bulletin 620, 1912, pp. 201-210. 50 

cents. 
The Bonnifield region, Alaska, by S. K. Capps. Bulletin 501, 1912, 162 pp. 
A geologic reconnaissance of a part of the Rampart quadrangle, Alaska, by H. M. 

Eakin. Bulletin 535, 1913, 38 pp. 
A geologic reconnaissance of the Fairbanks quadrangle, Alaska, by L. M. Prfndle, 

with a detailed desoription of the Fairbanks district, by L. M. Prindle and F. J. 

Katz, and an account of lode mining near Fairbanks, by P. S. Smith. Bulletm 

525, 1913, 220 pp. 
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A geologic reconnaissance of the Circle quadrangle, Alaska, by L. M. Prindle. 

BuUetin 538, 1913, 82 pp. 
Gold placers of the Innoko-Iditarod region, by H. M. Eakin. In Bulletin 542, 1913, 

pp. 29^-303. 
Placer mining in the Yukon-Tanana region, by C. E» Ellsworth and R. W. Daven- 
port. In Bulletin 542, 1913, pp. 203-222. 
The Iditarod-Ruby region, Alaska, by H. M. Eakin. Bulletin 578, 1914, 45 pp. 
Placer mining in the Ruby district, by H. M. Eakin. In Bulletin 592, 1914, pp. 

363-369. 
The Chisana placer district, by A. H. Brooks. In ^Bulletin 592, 1914, pp. 309-320. 
*Placer mining in the Yukon-Tanana region, by Theodore Chapin. In BuUetin 592, 

1914, pp. 357-362. 60 cents. 
*Lode deyelopments near Fairbanks, by Theodore Chapin. In Bulletin 592, 1914, 

pp. 321*355. 60 cents. 
Mineral resources of the Yukon-Koyukuk region, by H; M. Eakin. In ^Bulletin 

592, 1914, pp. 371-384. 
Surface water supply of the Yukon-Tanana r^on, 1907 to 1912, by C. E. Ellsworth 

and R. W. Davenport. Water-Supply Paper 342, 1915, 343 pp. 
Mineral resources of the Chisana-White River district, by S. R. Capps. In Bulletin 

622, 1915, pp. 189-228. 
Mining in the Fairbanks district, by H. M. Eakin. In Bulletin 622, 1915, pp. 

229-238. 
Mining in the Hot Springs district, by H. M. Eakin. In Bulletin 622, 1915, pp. 

239-245. 
Mineral lesources of the Lake Clark-Iditarod region, by P. S. Smith. In Bulletin 

622, 1915, pp. 247-27L 
Quicksilvei deposits of the Kuskokwim region, by P. S. Smith and A. G. Maddren. 

In Bulletin 622, 1915, pp. 272-291. 
Gold placers of the lower Kuskokwim, by A. G. Maddren. In Bulletin 622, 1915, 

pp. 292-360. 
An ancient volcanic eiuption in the upper Yukon Basin, by S. R. Capps. Profes- 
sional Paper 95, 1915, pp. 59-64. 
Pieliminar> report on Tolovana distiict, by A. H. Brooks. In Bulletin 642, 1916, 

pp. 201-209. 
Exploration in the Cosna-Nowitna region, by H. M. Eakin. In Bulletin 642, 1916, 

pp. 211-222. 
Mineral resources of the Ruby-Kuskokwim region, by J. B. Mertie, jr., and G. L. 

Harrington. In Bulletin 642, 1916, pp. 22a-266. 
The Chisana-White River district, by S. R. Capps. Bulletin 630, 1916, 130 pp. 
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